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EXECUTIVE SUMMARY

This Remedial Investigation (RI) report of the Conrail Site has been completed by

Ecology and Environment, Inc. (E & E) under contract to Region V of the United States

Environmental Protection Agency (EPA) pursuant to Work Assignment No. 01-5L7Y, and

various revisions. E & E planned and performed three phases of RI field activities detailed

in this report. The primary objectives of the RI conducted by E & E were to assess the

nature and extent of contaminated groundwater and identify contributing source areas,

characterize the factors affecting the potential migration of contaminants, and evaluate the risk

contaminants may pose to public health and the surrounding environment.

The Conrail Site study area is located approximately 1 mile southwest of the city of

Elkhart, Indiana. The Conrail Site is composed of the Conrail railyard facility, light

industrial property, commercial, residential, and agricultural areas and encompasses approxi-

mately 2,500 acres. The Conrail railyard facility is an active classification and distribution

yard for freight cars and began operations in 1956 as part of the New York Central Railroad.

The railyard continued operations as a subsidiary of the Penn Central Transportation

Company (Penn Central) until April 1976, when Penn Central transferred its railroad

operations to the Consolidated Rail Corporation (Conrail).

In June 1986, a resident in the County Road 1 area reported to EPA that elevated

levels of volatile organic compounds (VOCs) were detected in his residential well. Based on

this discovery, EPA/TAT initiated a groundwater sampling program in the County Road 1

and LaRue Street areas. Trichloroethene (TCE) concentrations as high as 4,870 /ig/L and

carbon tetrachloride (CCl^ concentrations as high as 6,860 /ig/L were detected. In response,

bottled water and activated carbon filter units were provided by Indiana Department of

Environmental Management (IDEM) to residents whose wells were affected.

1
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EPA/TAT conducted a site assessment of the Conrail facility in Jury and August

1986. A total of seven water/liquid samples and 2 i surface and subsurface soil samples were

collected from various targeted locations of die Conrail facility on Jury 31 and August 1.

1986. respectively. Results of the analyses revealed TCE concentrations as high as 5.850

pg/kg. and CC^ concentrations as high as 117 pg/kg in soil samples collected tram die

turnaround track area (Roy F. Weston I986a). The Conrail facility was proposed for the

National Priorities List (NPL) on June 24. 1988.

EPA issued a work wtgmina to E A E under the EPA Region V Alternative

Remedial Contracting Strategy (ARCS) contract to conduct die Rl/FS at this site. A:

of dK RI resnhs is provided below.

The aquifer of concern is a glacial ontwash deposit consisting of said, and

grard. The gtatial outwash material B approximately 150 feet duck and ties on shale

bedrock dot is not a water-bearing unit. Depdi to water varies between 3 and 20 feet below

grand surface (BGS) in die study area. The general flow direction niroughout die depth of

is to the west-norm weic except m die LaRue Street residential area, where the

I flow direction is north. Hydraulic conductivity values derived from stag test data

were ased in addition to mcoored horizontal gradients to estimate die horizontal flow velocity

of graondwater. Heterogeneity in site conditions cause variability in input UMJnietm that

t in a velocity range for gioundwater of 11 feet per year to 2,200 fleet per year. The

i horizontal flow velocity of giuund»atu is 200 feet per year.

i was condurtflrt as part of the field I

i of identified and suspciied source areas contributing

Based on analytical results tram!

roe areas on me Cboni facility have been identified.

A CP4 source area was identified in dK eastern section of die dauificarion yard near

rack 69 m dK saturated zone. The dimrntioni of this source area are approximately 75 feet

by 30 feet, wim a vertical thickness of 7.5 feet. The analytical data from doe subsurface
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soil samples suggests that this CC14 source area extends beyond the boundaries established to

date. CCI4 contamination was also detected (16 pg/kg) in a 128 to 130-foot sample interval,

but pooled residual CC14 was not detected on top of bedrock.

A TCE source area was identified in the western section of the classification yard

between tracks 65 and 66. The approximate dimensions of this source area are 120 feet by 10

feet to a depth of 4 feet. This source area is in the unsaturated zone.

CC14 contamination was detected in the saturated zone in subsurface soil samples

collected from the receiving yard on the Conrail facility, which is upgradient of the LaRue

Street groundwater contamination area. CCI4 concentrations were less than or equal to 31

/*g/kg. This contamination is a source of the identified* downgradient groundwater contami-

nation in the LaRue Street area.

Groundwater Monitoring Well Sampling Results

CC14 and TCE contamination were detected in groundwater samples collected from

monitoring wells screened in the shallow, intermediate, and deep zones on the Conrail

facility, at the St. Joseph River, and in the area between these points, in the County Road 1

plume. Groundwater flow direction in all three zones is west-northwest, and the groundwater

contamination plume extends continuously from the Conrail facility through Vistula Avenue

and Charles Avenue to the St. Joseph River. Groundwater samples collected from monitoring

wells located hydraulically upgradient of the plume and the site did not detect any VOC

contamination.

The maximum concentration of CC14 groundwater contamination was 110,000 /ig/L

collected from monitoring well MW46S located in the track 69 source area. This concentra-

tion is 13.8% of the solubility of CC14 and suggests a CC14 dense non-aqueous phase liquid

(DNAPL) source (EPA 1992a). Site background information and the detection of CC14 in a

subsurface soil sample at 130 feet BGS also suggest that the CC14 source area in. track 69 is a

DNAPL source.

The maximum concentration of TCE detected in a groundwater sample was from

monitoring well MW41. located immediately downgradient of the Conrail facility. This

concentration is 1.4% of the solubility of TCE and suggests a TCE DNAPL source. MW41

is side-gradient of the TCE source area identified in the classification yard. Based on
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amlytkal and hydrotogk data, the DNAPL source is on the Conrail property, bar is. as yet.

unidentified.

CC14 was detected only in groundwaier samples collected from shallow monitoring

weib in the LaRue Street phone surrounding the identified CCI4 soil coiBasttmation in the

receiving yard on the Conrail facility. The soil contamination is thought to conutime to the

idcnriftcri €04 grouodwater cootamharion. Monitoring wells upgradient of the soil

ooouminanon did not detect CX34.

TCE was detected only once (MW20S - 15 pg/L) above die MCL forTCEinthe

LaRne Street plane. TCE was deucted below die MCL throughout die ptome. Monitoring

weUs tor strd upgiadient of die Conrail facility did not detect TCE. Based on groundwaier

analytical data, die source of die TCE contamination is on the Conrail propeuy. but is, as yet.

Analyso of the sediment and water sanplei from die Conrail i

revealed no dutcuMe levels of let or Cd4. The data suggest that the drainage networit is

not cunendy a soorce of die identified groundwaer contanimadon, which venhed from

: spiDs on die facility. The pombttify dot die drainage network historically acted as a

: for VOC contamination cannot be assessed doe to lack of previous m»niiiie data from

A fututfd discussion on the subsurface and

and TCE is presetted. Processes such as vohrMizaooo, liojuid transport, soiptiuu, and

i reactions have Ukefjr occurred at die site based upon die contaminants presei

tved envnoamenttl conditions. VoiatiHiatiOB of me dissolved > hfcM matnl

; from die gtuuuil water dun is present at or near die water table can

: BHB from groundwater to sofl gas. There is a high prob-

abBity that this pioccis has occurred and is currently operative in the;

i inimimft at the sneas dhaolvedffflmiiinants in ,

If DNAPL b present, it may abo migrate by density-driven liquid transport processes specific
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to DNAPLs. Sorpcion of chemicals of potential concern onto aquifer materials is expected to

be an important process at the site. Analytical results of total organic carbon in the aquifer

material are combined with chemical-specific data to quantify sorption so that retardation can

be estimated. The retardation is used to estimate the migration rate of contamination relative

to the groundwater flow velocity. Of the numerous transformation reactions that may

possibly occur, sequential reductive dehalogenation is important because it appears to be

functioning at the site due to detection of transformation products.

The fate and transport processes coupled with site-specific data enables the estimation

of movement, mass, and loading of CC14 and TCE. Due to the heterogeneity in site

conditions, it is estimated to take from 6 to 1,200 years for the groundwater to travel from

source to the St. Joseph River. If retardation does not take place, contamination would

undergo advection at the same rate as groundwater flow. If available sorptive capacity in the

aquifer materials permits sorption, it is estimated that CC14 and TCE will travel at approxi-

mately 40 percent of the rate of groundwater. The total mass of CC14 and TCE remaining in

the aquifer as dissolved contaminants in the groundwater and sorbed to aquifer materials can

be estimated based on analytical data from the site and an estimate of DNAPL volume. The

estimated total mass of CC14 and TCE in the groundwater and sorbed to aquifer materials is

20,000 pounds. Residual DNAPL may contribute 150,000 pounds as CC14 and TCE,

combined. The estimated loading from the site to the St. Joseph River is 20 pounds of TCE

and 20 pounds of CC14 per year. Assuming this loading, it would take 200 years to remove

the CC14 and TCE that is dissolved in the groundwater presently in the aquifer. If DNAPL is

present, this estimate of elapsed time for natural attenuation would be much greater.

Transformation reactions resulting in the formation of daughter products of CC14 and

TCE are occurring at the site. The daughter compounds chloroform and 1,2-dichloroethene

were detected in monitoring well samples that also contained higher concentrations of CC14

and TCE, respectively.
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nf Humn Health Risk

The human health assessment examined the risks to railyaid workers and residents of

nearby neighborhoods from exposures to Connil She contaminants. The seventeen fjynVrah

selected as rnMymimnK of potential concetn were all volttik organic "»^n»—<H

Potential risks to railyard workers were evaluated for existing conditions and for a

possMe funire excavatioa scenario. Only die vapor inhalation pathway wax evaluated under

die current risk scenario. The potential excess cancer risk for die rratonahlr namamtm

re (RME) case for this padnray is 3.40 x ICT3, whkh exceeds EPA's dmahoid value

: (10"* to IO*4) for upper-bowad lifetime cancer risks to an indhridoal. The hazard index

for die RME case for dus padiway is 253. which indicates dot diere is potential for adverse

nsfcs via dns pathway.

The potential future risks to raUyard workers were evaluated via die soil contact

rect curt MI and inc idfrtil mgesnon) and inhalation of airborne i

These padiways were evaluated for a possMe excavation scenario, in which it i

Olnnt COnCflt mbCBrt80C COQtnVHOHEIOQ IS CXDOnVOQ SBQ TnfO DOOOflBCS <

The potential excess cancer risks nod die potential adverse nonearcmogciuc risk calculated for

die soil contact padiway exceed d«r associated EPA dueshoM vakoes. This indicates dot

dme is a potential for camnogenK and Doocarcinogemc risks to wofkets daring excavation

Two ilKiif^ phmf i of giuuudwater contiminjuon. desujnated as Plume I (County

Road 1 Phane) and Phane 2 (LaRne Street Plume), respectively, are migrating from die

raflyard towards te St Joseph River. Ptame I is migrating north and west of dienciUry.

; 2 is migiaiiiig north and east of die facility. Plume 1 rimtimnl 10 GOPCs while

2 contained sevea. The potential risks posed by each phone varied based not only on

conDnflaaant concentration, but also based on die toxicological properties of die chemicals

denettd in die plumrt. and on dx uadiway of exposure.

»«pn""»« *««• frrnmtmMfr .t««y «nrf inhalation of indoor aiiborne

from groundwaier vapors was evahtated for bodi plumes. The i

nadiway mduded mgesoon of drinking water.

*f ffjg showus. and mhalation of water vapors during showers. The inhalation of indoor
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airborne contaminants from groundwatcr vapors were evaluated based on an empirical model

of groundwater contaminants volatilizing into nearby unsaturated soil gas, infiltrating into

basements and subsequently diffusing throughout the entire home.

The potential risks from these exposures were greater in Plume 1. The excess cancer

risk for the RME case of groundwater usage is 9.00 x 10~3. The excess cancer risk associ-

ated with inhalation of indoor airborne contaminants for the RME case was 1.71 x 10"4.

These values all exceed the EPA threshold value range of 10"6 to 10*4. The potential foe

noncarcinogenic adverse risks from residential exposures to contaminants in Plume 1 were

also above the EPA hazard index threshold level of 1 for the groundwater usage pathway

(hazard index - 201). The potential cancer risks in Plume 1 are due to exposure to €€14,

TCE. chloroform, 1,1-DCE, and vinyl chloride. The potential adverse noncarcinogenic risks

due to Plume 1 groundwater usage is due solely to carbon tetrachloride.

Residential exposures to Plume 2 contaminants results in potential excess cancer risks

from both groundwater usage and inhalation of airborne contaminants from groundwater

vapors. The RME case risk via the groundwater usage pathway is 1.45 x 10"3. The RME

case risk via the indoor air inhalation pathway is 1.11 x 10~5.

The hazard index for the Plume 2 groundwater usage pathway is 4.16. This indicates

that there is a potential for long-term, chronic adverse noncarcingenic risks to individuals.

The excess cancer risks for Plume 2 groundwater usage and indoor air inhalation

pathways are due to CC14, chloroform, benzene, and TCE. The noncarcinogenic risks in

Plume 2 are due solely to carbon tetrachloride.

Ecological Assessment

The ecological assessment examined existing and potential risks posed by site-derived

contaminants to nearby natural habitats and associated flora and fauna. The primary focus of

the risk asjfttnw* was on aquatic organisms in Baugo Bay, the St. Joseph River, and the

Conrail ponds.

Four special species of concern were identified within 2 miles of the Conrail Site.

Two were plant species whose latest lightings were in the 1930s and the 1940s. One

mammal, the badger (Taxutea taau), has been sighted recently north of the St. Joseph River,

which is an area that is probably not affected by the site. The Cooper's Hawk (Accipttr
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coopern) has been recently sighted near the site. However, the hawk prefers to nest in

mature trees, will not hunt within 0.5 miles of the nest, and will travel op to 2 miles to hunt

over open fields and along woodland margins. Therefore, it b unlikely that site-related

contaunnauB will cflcaj the Cooper's Hawk.

SorfKC water CPECs were chosen based on comparisons of surface wafer sample

analytical results with current ambient water quality criteria. Lead was chosen as a surface

in the St. Joseph River, while lead and zinc are CPECs for the ponds. No .

• CPECs were selected for Baugo Bay.

Organic CPECs in sediments wue, chosen based on comparisons of sediment sample

analytical results with vtHmrm quality criteria. For nwse chemicals thai dad not have

published values, die tiHaia were calculated based on the

for non polar organics. No oigmc CPECs wut chosen for Baugo Bay or for the St. Joseph

River. The five CPECs chosen for die ponds are 4.4'-DDT, 4,4' DDO. 4^uediylpheuoU

fnorcne. and Arodor 1254.

Many inorganic contananants were detected in Baugo Bay, the St. Joseph River, and

in the ponds. A uatJviral coeopanson of the inorganic results from die background locations

; from die downsueam locations for Baugo Bay and die St. Joseph River

re was no significant difference bttwun die * *••*»*'•**•' BB of <

i dse two locations. Therefore, die contaminarion does not appeal to be Sato-related. There

i no background ponds avaiabfe for shnflar sadstkjj compvisom for die pond data.

Time fore, CPECs chosen for die pond area are arsenic, cadmium, chromhnn, copper, lead,

E. infmiry. nickel, and zinc.

Sedhnent hazard mdircs (die ratio of die sample concentration to the touchy

3e vahae) were greater dm 1 for cadmnm, toppo, lead, zmc, flnorene, and

Arsenic, chronwant. manganese, mercury, nickel, DDT. DDD. and Arodor

1254 abo had indices greater than I. but me magnfcndes of dK indices were lower than for
-• * •-- - - • ^ ̂ Ml^»- ^^-- •• • ••«••••• r n n r ^ m t ^ m m t l I •! • **t A • • • * "Bia ^** .«.«. «•• • -•me previonsry tin^ii \-rc*-». i ne naimaMu coocenuanoos 01 mese v-rcx_s were an tocaBflo,

tpond.

water hazard index for lead is greater than 1 white me hazard index for

: is less than 1. As m die sediment iJrlaJs disnmed above, die highest f IBB TiMfiftiiTwi of

'CPECs were found in die westernmost pond.

8
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Potential risks to benthic organisms from CPECs present in the ponds are assessed to

be moderate to high. CPECs were detected only in the westernmost pond, which receives

drainage from an outfall of the facility drainage system. This pond is less than 1 acre, and

other suitable habitats are available for use in the area. Non-benthic organisms that use the

pond for a potion of their life cycle may be potentially impacted by the sediments, but they

are at a lower risk than benthic organisms. The terrestrial ecosystem in the general vicinity

of the site does not appear to be impacted by site-related CPECs.

****»»«»
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1. INTRODUCTION AND SITE BACKGROUND

This Rtmtirtial Investigation (RI) report was prepared for the United Tnsci Environ-

Protectioo Agency (EPA) ponuant to Work Assignment No. 01-5L7Y, and various

I to Ecology and Environment. Inc. (E A. E). under dw Region V Alternative

Remedial Contncting Strategy (ARCS) Contract No. 68-W8-0086. Under dm work

assignment. E & E was directed to conduct a Remedial Investigation and Feasmilitjr Study

i at die ConraO Site, located in Efchart. Indiana The RI was conducted in three

The objective! of each •vestigauve phase of die RI are **pi*flnf in die Work Plan, foe

dm pailiCHiar phaae (E A E I9t9a, 1991a. 1992b. respectively). This report presents and

i the findings of die Phase ffl RI activities conducted ia dte study area and

; from all duee phases of die RI. Documents detailing die results of die

Phase I and 0 investigations are included as appendices to diis report.

The information obtained from die dvee field myxfigaritm* was used to ̂ '•tpupr die

isuijuiiun. The field investigation data provide the basis for

of dte risk on houaaa beaks and dK environment posed by the observed contamt-

The field unrestigatjous also provide data necessary to develop and to

afcnnauves during die FeasaMMy Study (FS).

Thii report COOStStS Of Cighl KCtiOUS. Seg»i«« I [ux>i*« intmAirtn«y ami h -̂irgynm

i far the Cdmil Site. Scctko 2 presentt a description of the procedutei enyioyed

for the Phase in field activities and ndudei tahnlatrrt data concerning die physical apecifics)-

tions of nvMntoring wetts, sansple nuDsbers. and sample types. Section 3 ]

ID uhyiicjl rcsuks i elated to the geology of the study area and contajm a i

geologic and bydrogeoiogic anarysa. The Phase in chemical analytical resnks are:

1-1

0022



Conrail Rl/FS
RI Report
Section 1
Rev. 0 March 31. 1994

rizcd in Section 4, which also includes a discussion of the nature and extent of contamination.

Section 5 includes an interpretation of the observed contaminant distribution and anticipated

migration using analytical groundwater modeling and principles of subsurface fate and

transport. Both components of the risk assessment, the human health evaluation (HHE) and

the ecological assessment (EA), are included in Section 6. Section 7 presents a summary of

the investigation finding and conclusions. References used to develop the RI report are listed

in Section 8.

1.1 SITE DESCRIPTION

The Conrail Site study area is located approximately 1 mile southwest of die city of

Elkhart, Indiana (see Figure 1-1). The study area encompasses approximately 2,500 acres

and lies in portions of both Elkhart and St. Joseph counties. The study area is bordered on

the north by the St. Joseph River, on the west by Baugo Bay and Baugo Creek, on the south

by the southern property line of the Conrail facility, and on the east by Nappanee Street. The

675-acre Conrail railyard facility comprises the southern portion of the study area south of

U.S. 33. Several light-industrial properties are located north of U.S. 33, to the north of the

Conrail railyard. The study area also includes residential areas situated south of the St.

Joseph River and north' of U.S. 33. Groundwater contamination has been identified in these

residential areas, designated as the County Road 1, LaRue Street, Vistula Avenue, and

Charles Avenue areas.

1.2 SITE PHYSICAL FEATURES

The Conrail Site study area is located in the ftoodpUin of the St. Joseph River.

Topography in the study area is relatively flat, with ground surface elevations varying from

760 to 725 fleet above mean sea level (MSL). Elevations are generally highest in the Conrail

facility. Elevations decrease as the ground surface slopes towards the St. Joseph River. The

St. Joseph River is a mature, meandering river, which forms the northern bonier of the study

area. The stage of the St. Joseph River, as measured by E & E at the Ash Road bridge as it

crosses the river, ranges between 717 and 715 feet above MSL and the flow of the river is

regulated by a hydroelectric plant located in Elkhart, Indiana, upstream of the study area.

1-2
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Surface soils at the Coonil facility have been disturbed and no series is recognizable

: to die presence of railroad ballast. Sixty-five percent of die surface material in the

Conrafl facility is composed of stone ballast and concrete (Jacobs 1987). Several features

JQ the daily operations of die Conrail facility are present (see Figure 1-2. Site

Features Map). The largest feature is the main classification yard, which consistsof 72 tracks

ttat are sequentially numbered from track 1 in the northernmost area of die classification yard

to track 72 in die southaurnost area of the yard. The 72 trades are divided into eight groups

of nine tracks per group. Rail can are sorted and redistributed by decoupling trains at die

through gravity-driven coasting, subsequently imnajJiaa, cars by collision

s diey are directed to die apnropnate track. Three ponds are located <oudi of die

i yard on die Conrai facility. The hump tower is located east of die nuan

i yard. The rrrrrvaag yard is a coUectioo of tracks dmt eaaends from die hump

I toward and past Nappanee Street. Another set of tracks north of die main

i £ nannniB UBC tOnni BunOBlCS U^POQflu^EFntll'ICB r» HaVHnUOBBU tI<BCK K

i die main rlamnVarinn yard and die receiving yard. A dksd shop is located
k ^t-f naV^ ^g..̂ .̂ ^̂  4*A««*4454^ î)MkH WHMwfl ^^BM! aaft^Mt r>aT ff^ai ••••vfenMmnmMl nw^M^aV J\ J^B^ MOMMM, £•
[ UK KnnC •^Hiannl OnHSJUC^nijinml TflaTQ aanwfl vVrSSK O» UJC tUhTZiiiVuUHnU OnlCK* f\ Cnmi SKnVJlV U

t CHO OK QIC snnmnnV Canntt^iNUilCnnilOtt VilVV* OCJff ItS D0^1aY>40V0K. OBOBttT DOttnt* 11iK

Bridges and BnaUngs (B and B) Shop is kxaied w« ard Uigbtty soutfiof thecar shop.

1J LAND USB AND POPULATION

Land use aa the aaady area • drverae. Portions of the atiklj area that are not occupied
> _ . •• * -• ^*e^mmm* - * m^mijm^mmmmml «t _«_ - !̂ î̂ l » A^BMfl^Mb^^^J ——^^^ O^™»11oy rauroad operaDons coasaH or renoenuai, iign-inonsinai, ana agi a iiantai areas, ooniu

i on U.S. 33 and on Ash Road. The

i of concern aaentioned previously, Omnty Road I. Vistula Avenue,

i Av«aan\ and LaRne Smet, are prestnt m die study area (figure 1-1). County Road
? » *^a • * ^* ^_ ^L^ ^^^BMM^HM£^d^ BMMM^««« ^^ <4k^ M^I^^^^M^^^Bl JiiT ̂ **̂ .̂ .+^ SBfc—^ J J

fCSnCttMl 4VCnl tt IOC«nnM HI QK llppiTOpnBffC VKUdty Of UsC Hanfl IfrilOal OC %jQlnnn»y KMQ 1

and U.S. 33. Vurnb Avenue and Charles Avenue residential areas are located near the St.

i River and Bango Bay. and Ash Road. The LaRne Street resadconal area is located

:aadKS«ndyareaandnordiof U.S. 33. The esthnaaed popubtions in daa

• daat are pottninny unpacacd by site resated gToundwaser oontsaninBtson are 371,

1-3
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381, and 650, respectively (E & E 1991c). The residents in these four areas utilize private

wells.

1.4 GROUNDWATER RESOURCES, SURFACE WATER RESOURCES,
AND CLIMATE

The Elkhan area is underlain by a regionally extensive, thick glacial outwash deposit

composed of unstratified sand, and sand and gravel, which serves as the aquifer for drinking .

water in th&area. The aquifer is classified QA and is a nationally designated sole source

aquifer. The sand deposit has an average hydraulic conductivity value of 80 ft/day and the

sand and gravel deposit has an average value of 400 ft/day (Imbrigiotta and Martin 1981).

Bedrock aquifers are not considered an important source of water in this area due to their

depth, relatively low-yielding character, and the presence of a productive aquifer in the glacial

material (Imbrigiotta and Martin 1981). The bedrock below the unconsolidated glacial

material is an approximately 170-foot thick sequence of shale.

Groundwater flow data indicate that the St. Joseph River is hydrauUcaUy connected to

the outwash aquifer hi the study area and is a discharge zone for this aquifer (Imbrigiotta and

Martin 1981). Groundwater pumpage is another discharge source for this aquifer. The

pumping location of die predominant groundwater user in the area, Suburban Utilities, is

shown in Figure 1-1. The Suburban Utilities well field consists of two 10-inch-diameter wells

that are each 90 feet deep. According to the pumping schedule, each well is operational hi

alternating months, thus allowing only one of die wells to be pumped at any given time. One

of the wells produces 160 gallons per minute, the other 200 gallons per minute. The

municipal wells are used to supply drinking water to residences east of the study area.

Private wells are used to supply the drinking water in the residential areas of the site. The

city of Etkhart's municipal supply wells are located approximately 3 miles northeast of the

site. Precipitation and private septic systems are the only known sources of recharge to this

outwash aquifer.

The major surface water bodies in the vicinity of the study area are the St. Joseph

River and Baugo Bay. The St. Joseph River flows to the west and is located approximately

V4 mile north of the Conrail facility. Baugo Bay drams north into the St. Joseph River, and is

located approximately '/& mile west and north of the Conrail facility. Baugo Creek, which

1-4
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fbnm pan of the sourhrati boundary of the study area, flows north no Bango Bay.

Crawford Dteh originates at the nonbern border of die nilyard and flows auiiliwini intermit

tentty to the St. Joseph River. Three elongated ponds, dassffied as wetlands (Section 6). are

along tbesoudiern border of the Connil facility. These surface water resources are

I detafl in the Ecological Assessment (EA) (Section 6.6).

Bkhan County hts a roiamrnfal dnste that is essentiaOy uniform over the cadre

Tie average precipiution is 35.8 inches per year, and die average anna! tesopen-

;is49^*F(Crarnpton<raf. 1986). For the period 1951 to 1980, me avenge monthly

raaafnl ranged from a tow of 1.8 inches in February to a high of 3.8 inches m August

(Cromptontfdl 1966) Efthart County has four wdl-defined season. Jury is the wanaest

i of the year, widi an average monrhry lempcrarure of 74 0* F Temperatures of 90* F

r are recorded on an average of eight days per year. Relative I

'day varies from 40 prrrcnT at the afternoon to 90 peiceat or Ugh

Fafl is usuaBy marked by moderate aEsapcransres and by sunshine, whiui i

TO percent of due daylight hours, In winter, diere ban average of seven days with

ibetowO*F. Jma^ami^teaAtomotiboftotyagvH&mtvcngt

t of 23.1 * F (Croaapann «r a/. 1986). Snowfall occurs as early as October and as

ilcay. The targest amount of snowfall occurs in February, and die avenge yearly

I is 25.9 inches. The aoi is typically frozen for diree to four i

I of AgfBOataure Soil Conservation Service 1974).

1.5 sm nvnxnr AND mvious INVESTIGATIONS

baer. das ufljfaiil cononned openoons as a subsidiary of die Penn Central

Onpany (Benm Central). In Apri 1916. Penn Central transferred its rastaoad upaaiium to

I Rail Corporation (Conau*). In October 1978. Pan Central finalized a

I af of in rail assets to Conrail. The Corn! &ohfy

dtttflDUDOB VntfQ wOf udflDt GaWK nmOd tt IBC

l's Nocttmneni nfl sjmcaB. Tlic

on site Oacobs 1967). An

onducted by Inrttana DqmnairiB of Environmental Management (IDEM) penonnd

1-5
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with a former Conrail employee revealed that solvents were used at the car shop and diesei

shop for degreasing purposes. Site background information indicates that a spill of carbon

tetrachloride (CC^) occurred in the area of track 69 in the main classification yard of the

Conrail railyard.

In June 1986, a resident in the County Road 1 area reported to EPA that elevated

levels of volatile organic compounds (VQCs) were detected in his residential well. On July 2,

1986, EPA's Technical Assistance Team (TAT) collected and analyzed a water sample from •

this residential well. Sample analysis indicated the presence of trichloroethylene (TCE) at 800.

pg/L and CC14 at 485 pg/L. Based on this discovery, EPA/TAT initiated a groundwater

sampling program in the County Road 1 and LaRue Street areas. Groundwater sampling

began on July 17, 1986. A total of 88 residential wells was sampled by EPA/TAT.

Concurrently, an additional 11 residential wells were sampled by individual well owners.

TCE concentrations as high as 4.870 /ig/L and CC14 concentrations as high as 6,860 pg/L

were detected in this round of sampling. CC14 or TCE were detected in a total of 63

groundwater samples. Thirty-two groundwater samples had compound levels above the 10-

day health advisories for either TCE or CC^ (128 pg/L for TCE and 12 pg/L for CCty (Roy

F. Weston I986b).

Bottled water was provided by IDEM to residents whose wells were affected.

Additionally, two types of activated carbon filter anils were installed in residences: point-of-

use units and whole-house units. A total of 20 point-of-use and 56 whole-house units were

installed (Roy P. Weston 1986b). IDEM was responsible for operation and maintenance of

these units until 1992, when Oroundwater Technology. Inc. (GTT). of Indianapolis, Indiana,

took over this responsibility on behalf of Conrail, aa pan of a Unilateral Administrative Order

(UAO) issued by EPA for an Interim Remedial Action at the site.

EPA/TAT conducted a site assessment of the Conrail facility hi July and August

1986. A total of seven water/liquid samples and 21 surface and subsurface soil samples were

collected from various targeted locations of the Conrail facility on July 31 and August 1,

1986, respectively. Results of the analyses revealed TCE concentrations as high as 5,850

pg/kg, and CC14 concentrations as high as 117 pg/kg in soil samples collected from the

turnaround track area (Roy F. Weston 1986a).

1-6
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The EPA Environmental Response Team (ERT) conducted * soU-gas survey on

Sfparmhrr 2 and September 4. 1986. along the nortfaem perimeter of the Coma £»cfliry in

the LaRue Street tad Goaty Road I areas. No conclusive data were obtained from the

survey (Roy F. Westoo 1986c).

Pec i It ii MiiluTii, Inc., contracted by a private development company, uu^fjaii fog

water quality nod hydrolofy in the vicinity of the Charles Avenue area. The study was

conducted prior to resMteofiai development became of reponed groundwaKr uirtanii nation in

the area. As pan of dns sosdy, six innnitonng welb wui installed; these monitonng wefls

: utilized to the study. A pump test was afao conducted.

i from the shadow wetts (< 30 feet deep) did not reveal the presence of

TCE or CQ4, but samples from the deep monitoring wetts (> 110 feet deep) were all

I win TCE and CfA, (with maximum values of 2.495 pg/L and 388 «/L,

(oodaiel).

t to Jacobs **"fl"""'"*t Group, me., to |niftnm a

i for die Conrad balky. The results of this search

! m a inrtf vnnanf report (Jacobs Engineering Group. Inc. 1987). The Conrail

ncstty was proposed for the National Priorities List (NPU on June 24.1968.

EPA issued a work assignment to E ft E oner the EPA Region V

i Contracting Strategy (ARCS) contract to conduct the RI/FS at dm site,

m July 1989. E ft E coaduotd a Phase IRI at the Conrail ate. Theresuksof

•A ^M^hMSMMt ZM A«Hn^mMuVv a\ • VW^an^Mf •at^MMuMMiMjdk^B *^ d^f f*jmm C^^^mMS^^ •vv.̂ ^^^-L.̂1C uffKHODQ IB AppCBQu A. /•TOVufCfli AVaS^IOrlMflBII cy J0H Uw •XaffsTJpftl^f, rtOVCBDCr

* E1989c]

April990(E * E1990a).

t. April 1990 (E ft E 1990b). and Techno! Iftmniumhssj cfSmg Test

(EftE1990c). ruuVwh^miiiitlmiiiiuofn^daiacoutoeddugngtte

E ft E lecommended. and EPA umunied, that s second phase of km jijgaikai be ronrtirird

to address inject objectives. B ft E completed s 1+aud FeaabHHy Jnn> KtpcrtJbrOte

m April 1991 (E ft E 1991c). A Rcounl of

i (ROD) for i

1991. sdectmg a tcmedy mat followed the fi»hiing« piuemed in the PPS.

1-7
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In July 1991 , E & E initiated the Phase II RI at the Conrail Site. In July 1992,

E & E submitted the Phase II Remedial Investigation, Conrail RI/FS. Technical Memoran-

dum (E & E 1992a) (Appendix B) to EPA. The Phase II Technical Memorandum summa-

rized, integrated, and presented interpretations and conclusions based upon data gathered

during the Phase I and Phase II field investigations.

On Jury 7, 1992. EPA issued a UAO for Remedial Design and Remedial Action,

which binds Conrail and Perm Central to perform remedial activities described in the ROD

and Statement of Work (SOW) attached to the Order. The interim remedial action for the

Conrail Site, as described in the SOW, will consist of the following elements:

• Institutional Contrqls including deed restrictions for future use of the
railyard executed through the Elkhart County Recorder; restrictive
covenants ensuring that property outside the Conrail railyard on
which components of the remedy will be located (e.g., monitoring
wells, treatment facilities) will not be disturbed; and abandonment of
residential wells located within the area of contamination;

• Monitoring Program including groundwater monitoring in and around
the area of contamination and air monitoring of the treatment system;

• Groundwater Extraction. Collection. Treatment, and Discharge
System will be designed, constructed, operated, and maintained to
prevent further horizontal and vertical migration of contaminated
groundwater located northwest, downgradient from the Conrail ,
railyard by extracting water from die plume, treating it using air
stripping, and discharging it to the St. Joseph River;

• Fence Installation to enclose groundwater extraction and treatment
facilities;

• Provision of an Alternate Water Supply through the design, construc-
tion, and first-year operation and maintenance of a distribution
system extending from the City of Elkhart water supply to affected
residential/business areas located downgradient from the Conrail
railyard. and maintenance of individual water filter units or provision
of bottled water for those areas until the distribution system is
operational.

Conrail has retained CTI to design and implement the interim groundwater remedial

actions outlined in the SOW.

1-8
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FoOowmg sabmitul of the Phase a Tcdeiical Memoranda* m Jaty 1992. E & E

tad EPA concurred, dot i third phase of investigation be conducted to meet

needed to address die Rl objectives. ID Noveuber 1992, die

Coma RI/FS fkast Iff Wort Plat (E A E 1992b) WK submitted ID EPA. The Phase

field inreuigjtioa began in late November. 1992, and was concluded by eariy Febnary.

1993.

1-9
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2. PHASE IU FIELD INVESTIGATION PROCEDURES

This section presents the procedures used by E & E for data collection during the

Phase in field investigation.

2.1 LEAD-SCREEN AUGER SAMPLING

From December 1, 1992, to January 26,1993, E & E subcontracted Bergerson-

Caswdl, Inc. (BQ, of Maple Plata, Minnesota, to perform drilling and related activities for

the Conrail Phase III field investigation. The first part of this work, from December 1 to

December 23,1992, consisted of lead-screen auger (LSA) drilling and groundwater sampling

activities. Use of the LSA technique allowed sampling of the groundwater within die

plume(s) at discrete depth intervals to determine die vertical extent of contamination, and to

provide information on the optimum depths for monitoring well screened intervals. The

technique also was used to investigate the location and extent of potential source areas. A

total of 16 LSA borings was completed by BC under die direction of E & E. The locations

of the Phase in LSA borings, LSA31 through LSA46, are shown in Figure 2-1. Samples

analyzed at the field laboratory included 3.10 groundwater samples from discrete lead-screen

intervals, together with 135 duplicate samples, field blanks, and trip blanks. Samples were

analyzed using die purge and trap method with a gas chromatograph (GQ for CCL,,

chloroform (CHL), (TCE), and 1,1,1-trichloroethane (TCA). These compounds were chosen

based on the results from die Phase I and H investigations.

The LSA sampling was hi accordance with die procedures specified hi die Field

Sampling Plan (FSP). At each LSA boring location. BC used either a CME 75 or a Gus Pech

drill rig to advance 4-M-inch inside diameter (ID) hollow-stem augers, coupled with a slotted

lead auger, by conventional hollow-stem auger drilling methods. A stainless steel plug was

2-1
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inserted into die end of the lead auger to prevent heaving sands from entering die auger. The

augers were advanced at 5-. 10-. or 20-foot depth intervals. At these discrete depths, die

5-fbot LSA was sealed from die flights above it with a downhole packer system. The packer

system was constructed of a sliding head inflatable packer that *i\i*niirA radially as pneumatic

pressure was applied. The expandable packer gland was mounted on a 2-inch ID mandrel

pipe. This packer assembly was attached to die end of a 2-inch ID stainless sted riser pipe

and positioned downhole just above die LSA. When in position, die packer was inflated with

nitrogen, creating an effective seal over die entire leiigm of riie padoer gland element. This

seal isolated die LSA and thus nummtzed die volume of purge water generated. With die

packer inflated, die levd of sanding water in die riser was measured widi a graduated

stainless sted chalked tape so dot die volume of water in die LSA section plus die 2-inch

riser could be calrutatrd. A amaknam of dwee standing volume* of water was purged from

d« LSA and riser widi either i 1.75-inch outside diameter (OD) Keck" or Giundfos"

variable flow submersible pump positioned inside me LSA. Between volumes, die purge

• was tested for pH. conductivity, and temperature. Purging was <

i three paramtmi had stabflurd for date consecutive readings (± 0.25 pH i

±50jrabo«/cm. and ± 05 »F. respecttvrry) Ff die LSA plus riser pumped dry, 15 nuuntes

of recharge was allowed and dxn pumping was resumed. If die LSA plus riser flumped dry

nwce limes, dae interval was considered to be purged and die sample was coBected as soon as

Hilfhifffi recharge had OLunied. Following purging, the flow rate of die sntantetsMe pump

> substantially icducud and die graundwater sample was collected duecdy from die pump's

! hose into two 40-mL glass volatile organic analysis (VOA) viab widi zero

Each vial was labeled widi but tag numbei, depd) of sample, and date/tune of

! touted manediatety on ice and transported to das field laboratory

for GC^CHUTCE. and TCA analyses. A dairy trip blank was prepared by the fidd

'. from deiomztd water, transpofted to die site, and analyzed at the end of each day.

After each laiia^r was connected, the |wuq?, pacltn. and nser were removed from me

t and dcconiammaied widi a steam fVanf f. in addition, a somianii of Lamnnox*1 and

potable water, followed by a potable water rinae. wa* run through die ]

to decootasmaaae me mtemal elements of me p»Jt^r and discharge hose. At least <

rater run darangh die pump was collected dafly and analyzed at me

2-2
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field laboratory to monitor internal decontamination of the pump. In addition, samples

collected directly from the potable water source were analyzed occasionally throughout the

LSA program to ensure that this water remained free from contamination. The source of

potable water was the City of Elkhart Water Works municipal supply.

Following completion of each LSA boring, the stainless steel plug was removed from

the auger and the borehole abandoned by tremie-sealing with Envirophig™ bentonite grout as

the augers were withdrawn. Drill cuttings were sealed in SS-gallon drums and bulked later in

roll-off boxes. All purge and pump decontamination water was also collected for disposal

(see Section 2.7, Investigation-Derived Waste).

2.2 SOIL SAMPLING

Soil sample collection procedures were performed in accordance with the FSP. From

January 18 to January 25, 1993, 13 soil borings. B40 through B52. ranging in depth from 1.5

feet to 150 feet below ground surface (BOS) were completed. Five distinct areas were

targeted in the Phase HI subsurface soil investigation. Figure 2-2 presents the locations of the

Phase in soil borings. Two of the areas were sampled to further define the extent of source

areas identified during the Phase U field investigation: track 69 area in the eastern end of the

classification yard and track 65 and 66 area in the western end of the classification yard. All

soil samples collected from these 2 areas were analyzed only for Target Compound List

(TCL) volatile organic compounds (VOCs) at a Contract Laboratory Program (CLP) laborato-

ry. Three additional areas were investigated to determine if they were potential source areas

contributing to known groundwater contamination: an area in the receiving yard upgradient

to LaRue Street area groundwater contamination, an area of reported spilled drums located

south of the repair yard and east of the car shop, and a location of a reported buried tank car.

Soil samples collected from these 3 areas were analyzed for TCL VOCs, semivoladles, and

pesticides and PCBs, and Target Anaryte List (TAL) metals at a CLP laboratory.

Drilling was conducted by BC with the CME 75 rig and 4-K-inch ID hollow-stem

augers. Soil samples were collected continuously or every 2.5 feet with a 3-inch OD,

24-inch-long split-spoon. Each split-spoon soil sample was visually classified by an E & E

geologist, who m«"tt»'"«* a detailed log of sample depth, blow count, recovery, soil

description, and organic vapor analyzer (OVA) readings. Phase HJ soil boring logs are

2-3
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pmemed in Appendix D. Between samples, the split-spoons were i

i" sokflbon. isopropanol. and distilled water. Between borings, the angers were

Mmiimad with a steam ulranrr. After each boring, the bole was in ink jiimuil to the

: wim Enviropmg"1 brutoaife grout as die augers were wuhdrawu. DriD cuttings were

Bd in 55-gallon drumi and later hotted in roll-off boxes for future <fhpffnl

The OVA screening resuks. visual observations, and LSA results, where applicable.

(die primary criteria for selection of three depm-spedfk samples from cadi sofl boring

far swbmittal to CLP laboratories for VOC analysis. Additional analyses were performed on

; from borings located in potential source areas investigated for dae first tin

; IDL Table 2-1 summarizes sojl hot ing samples selected for:

CLP laboratory dm did die analyses. Results of these analyses are discussed in Section 4 and

I in Appendix E. Table E-l.

2-J HONtTOHNG WELL INSTALLATION
»» • » ^̂ Mm •̂••M ^ f̂̂ mnmA M ann r^aifiaaar • •••;••, tlttA fl^pVMKM^^^Ha £^ afi • CCVB •* -MonHOnng wens were msnuieo m accoroance wnn me proceanies m me rsr. rmn

Jaannrjr 5 to January 12, 1993. 10 new monitoring wells were mstaBrd in the study are*

hated piimaifly on LSA sampling resohs and Phase I and U groundwattr resaks. TypicaDy.

the new mooaionng weus were imiafled •mediately upgradient, "n"*"̂ p***itrwi. and wsodn

pte&minarBy identified source areas to veiify diese source locations and to ptovide

ity data necessary for die Risk Am<.mneiK (RA) and FS. Locations of Phase

[ monnoring wefls are presented m Figure 2-3.

! wefl boiingi were advanced to various depth intervals by ̂
. « _?••» fcM_k^jM«^ 1 gn^fa ii iln • ^HAM IMMBJ*̂ .* ^vMft AarufUHj tecnmones. Momnnng wen uuiiairis wm a

I to weHs tctftntd on top of bedrock. Soil samples for subsurface \

description wens coHrctffd from nwononng wefl boiings using a 24Hnch-long. 2-mch or

3-inch OD spfiMpoon sampler at 5-foot depth intervals, generally Ugiuumg at or near die

ground imfa>y The geologist mamtuned a detailed log of vanjple depth, blow count,

recovery, sofl description, and OVA readings. Monitoring wefl boring logs an? presented m

Appendix D. Sol samples from screened mtervab of die 10 new man

were rfffffttf'J and analyzed for grah>nxe distribution by Aooatec Inc., Colchester. Ve

Gram-toe dJtUfcuTion results are presented in Appendix E. After being deicitbed by die

% 2-4
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geologist, the split-spoon sample material was containerized with the cuttings for later

disposal.

All monitoring wells were constructed with 2-inch ID stainless steel flush-jointed riser

pipe and screens. Screens were 10 feet long with 0.01-inch slots of continuous wire-wound

design. A filter pack of 100% silica sand was created in the annular space surrounding each

screen to approximately 2 feet above the screen. In wells where the top of the screen was

located above the water table, a minimum 2-foot bentonite pellet seal was placed above the

filter pack and hydrated with potable water. In wells screened below the water table, this

sealing procedure was not possible because of clumping and bridging of the pellets. In these

wells, a 2-foot seal of the thickest bentonite slurry that could be tremied was placed above the

filter pack. Both types of seals were allowed to hydrate until an adequate seal formed. Then

bentonite grout was tremied from the seal up to within 2 to 3 feet of the surface as the augers

were withdrawn. A 5-foot protective steel cover with a locking cap or flush-mounted well

protection was placed over each well and cemented in place to provide security. Table 2-2

presents the specifications of the 10 Phase ffl monitoring wells. Four shallow, two intermedi-

ate. and four deep monitoring wells were installed.

Between samples, the split-spoons were cleaned with a potable water and Liquinox

solution using a brush followed by potable water, isopropanol, and distilled water. The drill

rig, augers, rods, and ancillary equipment were decontaminated with a steam cleaner between

borings, as were all screens and risen before installation. Drill cuttings were contained in

55-galion drums and subsequently transported to bulk containers for disposal.

Completed wells were allowed to stand for a least 24 hours to allow the grout and

concrete pad to set before the wells were developed. The first step of development at each

well was to measure the standing water level so that the purge volume could be determined.

A Grundfos"'pump was used to purge the water for development. The purged groundwater

was tested for pH. conductivity, and temperature, and examined for relative turbidity/clarity.

Purging continued until pH, conductivity, temperature, and relative clarity had stabilized, and

the well was producing at the maximum achievable rate. In many cases, this required purging

from five to 10 well volumes. Water-measurement and pump equipment was decontaminated

widi a high-pressure steam cleaner between uses. All purge and decontamination water was

for later disposal.

2-5
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MONITORING WELL SURVEYING AND GROUNDWATEB SAMPLING

AU mounoiing well surveying and groundwater sampling proceduies were peifoimed

r«"ti*nog with tfae FSP. Fran January 19 to January 22. 1993. the elevations of the top

of the inside casing (TCHQ of die Phase ffl monitoring wells were nMvtycd in feet above

MSL. The monitoring wefts at location MW08 were resorveyed on January 24, 1993. after

being converted to fhisb-mouuted wells. Sixty-seven Phase I and II wefts were sampled from

November 16 w November 19. 1992. From January 26 to January 27. 1993. the 10 Phase IB

; weUs were sampled. Water level measurements were collected prior to each

' to document timftwr gfuuuuwatej flow patterns doring each sampling event.

The TOIC of each Phase DI nxisaiorhig wefl was surveyed by E ft E widi respect to

a UJS. Geological Survey beuLhuuuk located on tne Ash Road bridge over the St. Joseph

River and at an elevation of 735.80 feet above MSL. to a vertical accuracy of ± O.01 foot

(see Table 2-3). The TOIC deration! were used to convert depth to water infamiiMiBi into

ckvatfans above MSL (Table 2-3). The horizontal location of each

through aerial photographs and a scale oop of die study an

\. water kvds were measured in all

prior to sampling. Water fcveb were measured as depth bdow TOIC. Static

sut) the following formula:

V - Ststkvohuue of wefl. in gallons
T * Length of water < IIUSMI, in feet;

0.163 * A cououK conversion factor

A —.-••.. rf tti^. ««*ie •«•» *nhme« WM puned from each weM nrior so sample

^^ ^^^«BBM^ s*W^A A vmaiM^MiflkiBft^stnmf) svvwMferftvf^sfaiu* KSmmVkls^ ^H^M J^JkVv^MHl

imnp was used to purge all weOs. At die end of each purge iiihuui.the'

for pH. conductivity, and temperature, and relative twbidky/darity was noted. After

2-6
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three volumes were purged and measurements of pH (±0.25 pH units), conductivity (±50

/unhos/cm), and temperature (±0.5° F) had stabilized, the sample was collected. In the few

cases where the wells did not recharge quickly enough to purge three volumes, the wells were

purged dry, and the sample was collected.when sufficient recharge for an adequate sample

volume was obtained.

All groundwater samples, with the exception of the sample collected from monitoring

well MW18, were collected with bottom-loading stainless steel bailers. Sample MW18S was

collected from a pitcher pump because aboveground damage to the well did not allow a bailer

or pump to be placed into the well for sample collection purposes. During collection of all

groundwater samples, care was taken to mtmmfoe the loss of volatile compounds.

Bailers were d<yontaminatfd before each use with a high-pressure steam cleaner,

sprayed with isopropanol, rinsed with distilled water, and wrapped in aluminum foil until the

next use. The outside of the Keck1* pump and discharge hose were cleaned with the steam

cleaner, and the inside was Hff«i»pnrin«t»>H with Liquinox™ and distilled water.

Groundwater samples were collected for analysis from each monitoring well. Table

2-4 .is a summary of the analysis program for groundwater samples including the analytical

fractions submitted for analysis and the CLP laboratory(s) performing the analysis. Results of

these analyses are discussed in Section 4 and presented in Appendix E, Table E-2. Samples

collected for VOA analysis were preserved with hydrochloric acid and packaged with ice. All

sample bottles were labeled, iced, packaged, and shipped in accordance with appropriate

procedures stated in the project plans.

Duplicate groundwater samples were collected simultaneously with investigative

samples in equal volumes, with the same sampling equipment, and into identical containers.

Duplicates were preserved and bandied in the same manner as all other groundwater samples.

Field blanks were prepared from contaminant-free distilled water mat was routed through

dccTHttanrnutftii Hirori'ng equipment. Field blanks were containerized and handled in the

same manner as all other groundwater samples. Duplicate and field blank samples were

collected at the rate of one per every 10 or fewer groundwater samples. Trip blanks were

prepared by E A E, transported on site by the sampling team, and shipped with the

remainder of the samples to the appropriate laboratory at the rate of one per shipping

container containing VOA samples per day.

2-7
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23 DRAINAGE NETWORK SAMPLING

OB December 18. 1992. five sediment and six water samples were collected from die

storm water drainage network on die Conrail facility. Figure 2-4 presems die schematic

layout of die drainage netwmk, including drainage flow directions and die sample locations.

SattpJe locations were determined based on locations of known and potentially contiibuting

source areas, die flow path of die network from these source areas, and the abffity to locale

and access the network via the manholes. All samples were analyzed for TCL VOCs by CLP

laboratories. Sediment samples were analyzed by Clayton Laboratory. Hon. Michigan and

were analyzed by Soudiwest Research Institute. San Antonio, Texas. Water

; preserved with hydtocMoiic acid and packaged widi ice.

Duplicate samples were collected simultaneously wim investigative sanajnes m equal

, win die same sampling equipment, and into identical containers. Duplicates were

anflfrt in die same manner as all other drainage uUwmk samples. Field

blanks were prepared from contaminant-free distilled water and handled in the sane manner

as aO other drainage network samples. Duplicate and field Wank samples were collected at

die rate of one per every 10 or fewer drainage network samples. A trip Mas*: was prepared

by E & E. uanspurttd to dw site by die sampling team, and shipped win dtjUotgi network

water sanples to the appropriate laboratory at die rate of one per aliiming rontainrr «•'••*">-

ing VGA sanples per day.

To collect die samples, die manhole grates were removed. A ̂ flitrl anger waft

MB was lowered mo the b«iui otiim and mliiiyut was scooped up front the

botlon of die drain pipe. The anger was then brought to die surface and sanpfe bodies were

fiHed from die bucket anger widi stainless steel spoons. The water samples were coBected by

taping the stnple bottle to die extension rod and lowering it to the IHHWIII of the drain pipe.

In tone instances, it was UPC entry to create a depression in die n itiinr Bt ID aBow da? water

to seep tato die depression, in order to roflert a water stnple. A water and a sedtnent

sanpfe were collected at each sanpttng location wift die exception of location DWOS.

no sediment was available to f nnfir Between samples, au cqmpment was <

waft an Alf oncix** mfctuoo. Jsoproptnol. and distiHed water. Thei

I in Section 4 and are presented in Appendix E, Tables E-3 and E-4.

2-9
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2.6 SURFACE WATER AND SEDIMENT SAMPLING

From December 15 to December 18, 1992, 25 surface water and 25 sediment samples

were collected from targeted ecosystems in the study area. The purpose of the sample

collection was to identify potential contamination in nearby aquatic and wetland habitats as

pan of the EA and to obtain sufficient data to evaluate exposure routes as pan of the Human

Health Evaluation (HHE).

The targeted ecosystems included the St. Joseph River, Baugo Bay, Baugo Creek, and

the ponds on the Conrail facility. The sample locations are presented in Figure 2-5.

Background surface water and sedhnrnt samples were collected from Baugo Creek (SW/SD01

through SW/SD03) and the St. Joseph River (SW/SD17 through SW/SD22) upstream of its

intersection with Crawford Ditch. In order to evaluate the ecological impact of contaminant

loading via groundwater discharge, surface water and sediment samples were collected from

transects within Baugo Bay and the St. Joseph River where they intersect the identified

groundwater contamination plume (SW/SD04 through SW/SD16). One surface water sample

and one n^n*** sample were collected from each of the three ponds (SW/SD23 through

SW/SD25) on the southern boundary of the Conrail property in order to evaluate the

ecological impact of contaminant loading through what appears to be a Conrail facility

underground drainage discharge into the ponds. Table 2-5 is a summary of the sampling and

analysis program for the surface water and sediment samples including the analytical fractions

submitted for analysis and the CLP labontory(s) performing die analysis. Results of these

analyses are dwnwl in Section 6 and presented in Appendix E. Tables E-5 and E-6.

Surface water and sediment sample collection procedures are in accordance with the

FSP. Surface water samples were generally collected with a Kemmem sampler. For a few

near-shore, near-bottom surface water samples, however, sample bottles were mmt<n*4 jn the

shallow water for collection. Sediment samples were collected with either a hand-auger or

Ekman dredge. All near-bottom, away-ftom-shore surface water samples and away-from-

shore sediment samples were collected between 20 and 100 yards from shore.

Surface water samples collected for VOC analysis were preserved with hydrochloric

acid and packed with ice, and surface water samples collected for total metals analysis were

preserved with nitric acid. Duplicate surface water and sediment samples were collected

simultaneously with investigative samples, in equal volumes, from the same location, with the

2-9
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same Damping equipment, and into identical containers. Duplicates were preserved and

handled in the same manner as all other surface water and sediment samples. Field blanks

were prepaied from contaminant-free distilled water and handled in the same manner as all

other samples. Duplicate and field blank samples were collected at me rate of one per every

10 or fewer samples. Trip blanks were prepared by E & E. transported to me SBC by the

itaapling atam. and shipped wim samples to die appropriate laboratory at the me of one per

! VGA samples per day. All sample equipment was decon- -

I between samples win an Akonox and water solution: rinsed wim potable water,

sprayed with isopropanol, and men distilled water and wrapped for protection when not in

2.7 INVESnGATlON-IiatlVED WASTE

AD driD cuttings from LSA, son. and niutUt>itu£ weu bonnas'

stored in 55-gaOoo drams anal me drams cooM be removed from the driPmg locations.

i one to two days. The drams were dien loaded onto a track by a BC employee

; a Bobcat* and taken to the E A E field office located at Baugo Greek Park, where

they were emptied into a roB-off bOX. Th* «î tied-nnf rfrnm* mrr* thfn ymyaii Snr tfttjffL.

tttj storage and transfer of investigation-derived waste. The drffl cottiqgs were fowad to be

non-hazardous and me roD-off box contiriii were properly disposed of. AD pvrge water from

LSA groondwater laiiyling. monilonng well development, monitoring wefl mi|)liiig. and all

deoonnvnnation water was coOeaed into eimer a 500-galloo tank or 55-faflon drams and

tracked to the E ft E field office. The contents of the SOO-gaOon tank or the drams then

were paaaped into a 7,000-gaOoB tanker and tested. The mvftiigati>t-4lerhred water was

piuuuly dbpoaed of at die Flthatt Wastewater Treatment Plant.
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Page 1 of 3

Table 2-1

ANALYSIS PROGRAM FOR
PHASE m SOIL BORING SAMPLES

Boring
Number

D40

841

B42

B43

B44

Depth (feet)

8-10

18-20

22-24

58-60

118- 120

128 - 130

130 - 132

140-142

144-146

148 -ISO

5 - 7

21 - 23

^23- 25

3 - 5

21-23

23-25

3-5

11-13

13-15

21-23

23-25

7 - 9

11-13

13-15

15-17

Volatile
Organic
Analrab

a

a

a

a

a

a

a

a

Da

a

a

a

Da

a

a

a

a

—
a

-

a

a

-

-

a

Semhrotatfle
AnaJysb

—

—
-

-

—

—
-

—

—

—
-

—<

—
-

—_

a

a

Da

-

-

-

a

a

Pwdddes/
PCBi Analysis

-

—
-

—

—
-

—
-

—

—

—

—

—

—
-

-

—
a

a

Da

—
-

—
a

a

Total
Metab

AnaJyih
_

_

—_

_

_

-

—_

—

—

—

—_

—_

b
_

b

b

—
-

b

b

-

Key at end of table.

recycled paper 2-11 tcok>gv and environment
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Tab* 21

ANALYSK PROGRAM FOR
PHASE m SOIL BORING SAMPLES

j*y
BMfCML)

B45

B4f

M7

B4S

B4»

BdO

"<*->
17-19

19-21

23-25

3 - 5

7 - 9

15-17

23-23

5 - 7

7 - 9

17-19

19-21

0-2

2 - 4

12- 14

5
-
-
a

—
a

a

st^k

-

a

-

a

a

a

,SS£»
—
a

-

a

a

a

a - —

-

,

a

a

Da

a

a

a a

a a

a a

- -

— —

— —

- —
4 4 O i

14-1*

IS -20

6-1

16- IS

22-24

0-2

4 - 6

12-14

a

a

Da

a

a

a

a

a

_ —

- —

- —
- -

— —

— —
- —

-

Ttftri

b •

—

—
b

b

b

-

b

b

b

—

—_

_

—

—

—

—

—

—_

—
-
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Table 2-1

ANALYSIS PROGRAM FOR
PHASE ffl SOIL BORING SAMPLES

Boring
Number

B51

B52

Depth (feet)

0-2

2 - 4

4 - 6

0.5-1.5

Volatile
Organic
Analysis

a

a •

a

a

Semfrolatifc
Analysis

-

-

-

-

Pesticides/
PCBs Analysis

-

-

-

-

Total
Metafc

Analysis

-

-

-

-

Key:
a Analysis performed by Southwest Research Institute, San Antonio. Texas,
b Analysis performed by Keystone Laboratory. Houston. Texas.
O Duplicate sample also submitted for analysis.
- Sample was not submitted for analysis.

2-13
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Ffcgclof I

T«U

PHASE ID MONITOtING

IM^A 1^^^^^^^^^VW I^^^WVv

MV07D

kOMS

MW4«S

MW46I

MW47

MV4«

MW49D

•wtafOtf*
d«t)

132

30

2*

63

40

30

15

e2-2

WELL SPECIFICATIONS

(iHtBGS)

121- 131

18 -2»

11-21

55-65

2S-38

11-28

75 -»5

MWIMK 144 134-144

c£Li
1/7/93

US/93

I/3W3

usm
I/V93

1/W93

l/9«3

I/W93

MW30 121 110-120 119199

MW5I 113 103-113 IHU93

2-14
0046
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Table 2-3

PHASE III GROUNDW ATER ELEVATION DATA

Mooitorini
W«H Number

MW01

MW02S

MW02D

MW02BR

MW03

MW04S

MW04D

MW05S

MW05D

MW06

MW07

MW07D

MW08S

Zone Interval
for

Potentiometric
Contour Maps

Shallow

Shallow

Intermediate

Deep

Shallow

Shallow

Intermediate

Shallow

Intermediate

Shallow

Shallow

Deep

Shallow

Top of loner
Caring Elevation

(feet above
Mean Sea Level)

740.87

742.44

742.30

742.53

738.80

740.80

741.24

734.86

734.13

740.18

731.64

730.67

734.60

November IS, 1992

Depth to
Water
(feet)

14.12

14.53

14.50

14.67

9.37

17.46

17.96

12.46

11.83

19.06

13.16

N/A

15.82

Water Level
Elevation

(feet above
Mean Sea Level)

726.75

727.91

727.80

727.86

729.43

723.34

723.28

722.40

722.30

721.12

718.48

N/A

718.78

January 23-24, 1993

Depth to
Water
(feet)

12.32

12.86

12.78

12.97

7.33

15.79

16.44

11.01

11.20

17.91

12.49

12.38

N/A

Water Level
Elevation

(feet above
Mean Sea Level)

728.55

729.58

729.52

729.56

731.47

725.01

724.80

723.85

722.93

722.27

719.15

718.29

N/A

Screened
Interval

(feet BGS)

12-22

6.5 • 26.5

70-80

158.9- 168.9

5 - 2 5

15.5 - 35.5

55-65

4.6 • 14.6

71 -81

10-20

9- 19

121- 131

14.5 - 34.5

CD

Key at end of table.
OfcZnm.CtUMMI/M-DI
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Tabfc2-3

PHASE III GROUNDWATER ELEVATION DATA

UfaM I^^^I^IMV^WB RHBBMv

MWOID

MW08BR

MWM8

MWOID

MWMBR

MW09

MWIOS

MWIOD

MW1IS

MW11D

MWI2

MW13S

MW13D

ZMMtalarval

tanatiaia

Doap

Shallow

InminadMfta

D~p

Shallow

Shallow

iMaraadlMa

Shallow

IniiniiMiMt

Sullow

Shallow

batmadte

Top «f IMMT

(rMohova
MMB SaaLavaO

734.61

7J4.79

7)1.65

7)1.37

731.93

740.43

721.70

771.26

739.50

739.21

741.59

750.20

750.50

Novmbar II, Iff!

Dopfcta
Wa«ar
(Mat)

13.95

16.12

N/A

N/A

N/A

20.73

11.15

7.93

Dry

16.64

11.54

12.50

12.75

Water Uval

((Ml ahayi
MMB Baa Uval)

711.66

718.67

N/A

N/A

N/A

719.70

717.55

720.33

N/A

722.64

730.05

737.70

737.75

Jawiary 2344, 199J

Dtpth to
Wrtw
(Taal)

N/A

N/A

12.24

12.28

12.65

I9.M

10,84

6.90

15.94

15.71

9.79

10.94

11.24

Water Uval
BbrattM

(fMtahova
Man SM Uval)

N/A

N/A

719.41

719.29

719.21

720.57

717.16

721.36

723.56

723.50

731.10

739.26

739.26

ScrMMtf
Intarval

(tM| BOS)

71 -81

126 • 136

14.3-34.3

71 -8)

126- 136

15-25

9-19

71 -II

10-20

54.5-64.5

10-20

10-30

70-10

o
o
£*
oo

Kayalandofiabla.
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Table 2-3

PHASE III GROUNDWATER ELEVATION DATA

Monitoring
Wen Number

MWM

MW15

MW16

MW18

MW19S

MW19D

MW20S

MW20D

MW21S

MW21D

MW23S

MW23D

MW24

Zone Interval
for

PotcntkMnetrk
Contour Map*

Shallow

Deep

Shallow

Shallow

Shallow

Intermediate

Shallow

Intermediate

Shallow

Intermediate

Shallow

Intermediate

Shallow

Top of Inner
Caring Elevation

(feet above
Mean Sea Level)

740.87

742.44

743.51

747.18

752.30

752.37

748.41

748.65

754.83

754.87

741.82

742.29

745.12

November 15, 1992

Depth to
Water
(feet)

6.50

5.47

4.93

5.40

13.28

13.28

12.67

12.56

14.03

14.16

8.58

9.97

10.68

Water Level
Elevation

(feet above
Mean Sea Level)

734.37

736.97

738.58

741.78

739.02

739.09

735.74

736.09

740.80

740.71

733.24

732.32

734.44

January 23-24, 1993

Depth to
Water
(feet)

4.93

4.11

4.27

3.81

11.97

12.04

11.59

11.44

13.02

13.14

6.92

8.32

9.08

Water Level
Elevation

(feet above
Mean Sea Level)

735.94

738.33

739.24

743.37

740.33

740.33

736.82

737.21

741.81

741.73

734.90

733.97

736.04

Screened
Interval

(feet BGS)

4 - 2 4

90- 100

4.5 - 24.5

9.5 - 19.5

10-30

60-70

11-31

71 -81

14.5 - 34.5

70-80

10-30

70-80

10-30

Key at end of table.
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Dimmi.rnaiimiiMni

«•!-• M^^^L^^TT8JBJ nKHMH

I MW3S

MWW

MW27S

MW271

MW38S

MW2II

MW2M

MW291

MW30S

MW301

MW30D

MW30BR

MW31S

Z«M lateral
IKr

Shallow

Shattow

Shalow

Iittarmadiata

ShaHow

Shallow

InmnMdiiM

Shallow

Intarmdlitt

Daap

D*p
fTh.llnMi•HlHOw

PHASE III (

T«f «f IMMT
CMtif BradN

(Italakwa
MaaaSMLtval)

743.72

•752.02

751.87

752.13

750.13

750.91

751.77

752.37

741.13

741.11

741.09

747.94

751.43

Table 2*3

5ROUNDWATER ELEVATION DATA

fcl^*^r^wvHi

D*Hhlo
WrtW
<M>

> 9.M

13.51

11.51

12.22

12.26

12.50

11.17

11.79

9.46

10.10

10.04

9.19

11.12

bar II, 1*92

Wafer UM!
UavalM

\vMi BB^WB
MaMiSMLavaQ

733.11

736.44

740.29

739.91

731.57

731.41

740.60

740.51

738.67

738.08

738.05

738.03

740.33

JMwar? 13-04, 1993

DapUile
WMar
«M)

1.21

14.24

10.30

10.95

10.74

11.11

10.09

10.63

8.0«

8.77

8.67

8.54

9.96

Waltr Laval
Etonian

(faat abova
Main SM Laval)

735.51

737.71

741.57

741.18

740.09

739.80

741.68

741.74

740.07

739.41

739.42

739.40

741.49

Scraanad
Interval

(faalBOS)

10-20

10-30

8- 18

43.1 -53 1

8.5- 18.5

43-53

8- 18

33.3 • 45.3

8-18

42.7 • 32.7

94.7 • 104.7

137 - 147

8.5 • 18.5
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« Table 2-3

PHASE III GROUNDWATER ELEVATION DATA

Monitoring
Win Number

MW311

MW32S

MW32I

MW33S

MW33I

MW34

MW35

MW36I

MW37S

MW37D

MW38S

MW38D

MW39

Zone Interval
for

PotentiouMtrk

Intermediate

Shallow

Intermediite

Shallow

Intermediate

Intermediate

Shallow

Intermediaie

Shallow

Deep

Shallow

Deep

Shallow

Top of Inner
Casing Elevation

(feet above
Mean Sea Level)

751.82

746.99

746.93

745.40

745.31

744.33

748.50

747.04

741.47

741.36

737.15

736.84

752.88

November IS, 1992

Depth to
Water
(feet)

11.51

7.15.

7.20

7.79

7.00

9.58

7.68

8.36

16.66

16.52

15.74

15.43

13.78

Water Level
Elevation

(feet above
Mean Sea Level)

740.31

739.84

739.73

737.61

738.31

734.75

740.82

738.68

724.81

724.84

721.41

721.41

739.10

January 23-24, 1993

Depth to
Water
(feet)

10.35

5.97

6.00

6.30

6.53

8.04

6.61

7.08

15.09

14.97

14.43

14.13

12.58

Water Level
Elevation

(feet above
Mean Sea Level)

741.47

741.02

740.93

739.10

738.78

736.29

741.89

739.96

726.38

726.39

722.72

722.71

740.30

Screened
Interval

(feet BGS)

42-52

18-28

40-50

16.5 - 26.5

35-45

40-50

20-30

45-55

12-22

90- 100

11 -21

90- 100

20-30

Key at end of table.
U:Zn90I.CUIMV2l/»lDI
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PHASE III GROUNDWATER ELEVATION DATA

MMiHortoj
Uf̂ B a^^ -̂g f̂̂ ^^^VM •̂ ^HHMT

MW40

MW4I

MW421

MW4JS

MW4JBR

MW44D

MW4S

MW4dl

MW46I

MW47

MW4I

MW49D

MW49BK

XMM Interval
tar

Shallow

Inertia*

Imamadtaa

CkaiiiniMiJnalHVW

Daap

Daao

Shallow

Shallow

llMaMmfQIlHA

Shallow

Shallow

Intarnadatta

DMP

Top «T l*Mr

(flMM*va
MMB)!M Laval)

7S3.40

741 53

742.19

778.92

721.60

739.71

760.67

747.03

747.24

743.3J

751.12

743.62

743.61

No»aa»har II, I«M

D*pthM
Watar
(toal)

14.40

7.16

io.r
8.09

9.21

17.10

N/A

N/A

N/A

N/A

N/A

N/A

N/A

WafttrUval
UmliM

(hat abcvt
MaMSatLavaO

739.00

733.69

731.32

720.83

719.32

722.61

N/A

N/A

N/A

N/A

N/A

N/A

N/A

January 23-M, 1993

Dtptfaio
Walar
(faat)

13.26

6.29

9.17

6.73

1.42

13.62

11.90

6.07

6.27

6.67

9.37

6.31

6.28

Water Laval

(fiat ak»v«
Maaa StaLcrtl)

740.14

733.26

733.02

722.17

720.11

724.09

741.77

740.98

740.97

731.88

741.33

739.31

739.33

ScrMMd
Interval

(faal BOS)

20- 10

65- 75

40.1 • 50.1

6- 16

146.5- 156.5

113- 125

18-28

18-28

53-63

28-38

18-28

73-83

134-144

O
O
en
ro

Kayataadoftabla.
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Table 2-3

PHASE III GROUNDWATER ELEVATION DATA

Monitoring
Wett Number

MWSO

MW31

Zone Interval
for

PotentkwMtric
Contour Maps

Deep

Deep

Top of Inner
Casing Elevation

(feet above
Mean Sea Level)

737.42

741.09

November 15, 1992

Depth to
Water
(tot)

N/A

N/A

Water Level
Elevation

(feet above
Mean Sea Level)

N/A

N/A

January 23-24, 1993

Depth to
Water
(f««t)

14.71

4.49

Water Level
Elevation

(feet above
Mean Sea Level)

722.71

736.60

Screened
Interval

(feet BGS)

1 10 - 120

103- 113

Key:

N/A Not applicable.

Note: The St. Joseph River elevation (in feet above MSL) al the Ash Road bridge was 715.61 on November IS, 1992. and 7)5.65 on
January 23-24, 1993.

CD
en
CO
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T*fc2-4

ANALYSIS PROGRAM FOR
PHASE m GROUNDWATER SAMPLES

£££
MVOI

MVD2S

MW02D

MVUMt

Date'

11/16*2

11/17*2

11/17*2

11/17*2

V*l±£rlc
a

a

a

a

mm 11/16*2 a

M9JMS

MW04D

MVQSS

MWD9D

MWM

MW97S

MWD7D

11/16*2

11/16*2

11/16*2

11/16*2

11/16*2

11/16*2

1/27*3

a

a

a

a

a

a

b

IOMHS 11/17/92 a

lorno
MTOHI

MWW

11/17*2

11/17*2

11/16*2

a

a

a

MWMS nnun a
MW1W

MW11S

MW1ID

MWtl

MW13S

MW13O

M9714

MWU

11/16*2

11/17*2

11/17*2

11/17*2

11/17*2

11/17*2

11/1*92

11/16*2

a

a

a

a

Dk

a

a

a

Key at cat •(

2-22

0054



Conrail RI/FS

Rl Repon
Section 2
Rev. 0 Match 31. 1994

Page 2 of 4

Table 2-4

ANALYSIS PROGRAM FOR
PHASE ffl GROUND WATER SAMPLES

Monitoring
Wdl Number

MW16

MW18

MW19S

MW19D

MW20S

MW20D

MW21S

MW21D

MW23S

MW23D

MW24

MW25

MW26

MW27S

MW27I

MW28S

MW28I

MW29S

MW29I

MW30S

MW30I

MW30D

MW30BR

MW31S

MW31I

MW32S

Date
Sampled

11/16/92

11/19/92

11/16/92

11/16/92

11/17/92

11/17/92

11/16/92

11/16/92

11/17/92

11/17/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

11/18/92

Vohtfle Organic
Analysb

a

a

a

a

a

a

Da

a

a

a

a

a'

a

a

a

a

a

a

a

a

Da

a

a

a

a

a

Key at end of table.

2-23
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Table 2^4

ANALYSIS PROGRAM P
PHASE m GROUNDWATER S

•M>fJ *^^^^^^WVa* f^VaVaWv

MW32I

MW33S

MW33I

MW34

MW35

MW36

MWT7S

MW37D

MW3SS

MW3SD

MW59

MW40

MW41

MW41

MW43S

MW43Bft

MW44

MW45

MW46S

MV4CI

MW47

MW4S

MW49D

MW49M

MW»

DM*

11/11*2

11/11/92

11/18/92

1 IMS/92

11/18/92

11/11/92

11/19/92

11/19/92

11/19/92

11/19/92

11/17/92

11/17/92

11/19/92

11/19/92

11/17/92

11/17(92

11/17/92

1/24/93

1/24/93

1/24/93

1/24/93

1/26/93

1/24*3

1/24*3

1/27/93

OK
AMPLES

V^JfcCJj-c

s

a

a

Di

a

a

a

a

a

Da

a

a

Da

a

a

Da

a

b

Db

b

b

b

b

b

b

Key an

2-24
0056
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Table 2-4

ANALYSIS PROGRAM FOR
PHASE m GROUNDWATER SAMPLES

Monitoring
Wei Number

MW51

Date

1/26/93

VohrtOt Orftak
Analysfe

Db

Key:

a Analysis performed by Natex/Pacifc Northwest Environmental Lab, Redmond, Washington,
b Analysis performed by University of Iowa Hygenic Laboratory. Iowa City. Iowa.
O Duplicate sample also submitted for analysis.

OS:Z 2-25 0057
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Table 2 5

ANALYSIS FROGKA1
SURFACE WATER AND SEDD

£ZLt

SWOl

SW02

SW09

SWM

SWQS

SWM

SWOT

SWM

SWM

SWM

SWI1

SW12

SW13

SWM

SW15

SWM
- swn

swu
SWI9

swao
SW21

SW2Z

SW2J

SWM

SW25 ,

SDOt

"ssr
a

a

a

a

a

a

a

a

Da

a

a

a

Da

a

a

STST
a

a

a

a

a

a

a

a

Da

a

a

a

Da

a

a

MFOR
><ENT SAMPLES

*•££"
a

a

a

a

a

a

a

a

Da

a

a

a

Da

a

a

a a m —

a

a

a

a

a

a

a

a

Da

c

a

a

a

a

a

a

a

a

Da

c

a

a

a

a

a

a

a

a

Da

c

a*JtU*

b

b

b

b

b

b

b

b

Db

b

b

b

Db

b

b

b

b

b

b

b

b

b

b

b

Db

4

2-26

005g
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Tabk2-5

ANALYSIS PROGRAM FOR
SURFACE WATER AND SEDIMENT SAMPLES

Sampk
Number

SD02

SD03

SD04

SD05

SD06

SD07

SD08

SD09

SD10

SDH

SD12

SD13

SD14

SD15

SD16

SD17

SD18

SD19

SD20

SD21

SD22

SD23

SD24

Votetfe Organk
Analysis

c

c

c

c

c

c

c

DC

c

c

c

DC

c

c

c

c

c

c

c

c

c

c

c

Semtrobtfe
Aaaljnta

c

c

c

c

c

c

c

DC

c

c

c

DC

c

c

c

c

c

c

c

c

c

c

c

Pestiddes/FCB
Analysfc

c

c

c

c

c

c

c

DC

c

c

c

DC

c

c

c

c

c

c

c

c

c

c

c

Total
Metah Analysb

d

d

d

d

d

d

d

Dd

d

d

d

Dd

d

d

d

d

d

d

d

d

d

d

d

Key at end of table.

2-27 0059



OanitlflFS
RIKcpon

Rnr.O M«ck31. 1994

3 of 3

TaUe2-5

ANALYSE PROGRAM FOB
SURFACE WATER AND SEDIMENT SAMPLES

SOB DC DC

a
k
c
4
D

San AMMO. Tc
, be. SakUkeCcr. Ui*.

2-28

0060



IFMTIOt

ecology and •nvlronnMnt

CD
CD
CD



Ill

1-4*rrx—'

AH.
.-1

•colojy »od »nylronm»nt-

HMW l-l

O
O
CD
ro



CD
CD
CD
CO

ecology and «nv1ronm»nt-

JSB

tOCMMN IMP



•oology tod tnrironnunt

o
o
CD



trumei

K ecology and environment-
SUVMC mm MO
StMMCMT SAMPU
tOCATWM

t-M

O

O



ComiU/FS
RIKepon

Re*. 0 Much 31. 1994

3. PHYSICAL CHARACTERISTICS OF TBE SITE

Phase in RI This section abo synhesizes dm from all dHee phaseŝ  the RI and

pttKOB a siie-specific gcologk aod bydrogeologic analysis, lufunmion compiled from the

exaBBBatioa) of jquifei niMcriilt collected during drilling activities has been nsed to describe

the sntigraphjr in the oudy MM. Laboratory results of grain-size distribodoos for selected

samples of ifae aquifer mMcriili tove been used to further cuaiauefue the geologic ami

condiiiom in die study area. Static water levd meaauunenti and stag test

wed to calcabK liyikugeologic PKHBHIIK.

3.1 GEOLOGY

The infornwion coikcsfd by E A E daring dse subsurtace investigations is ased to

describe geological conditions present in the study area. The 52 sofl borings and 77 boreholes

•of laoavsonng. well intiaflatioai allowed for extensive coverage, wiilk respect to area and

depth, of the snsdy area. The aanbaaed resato of die subsurface soil inmiigatiom that were

i (see Appendices B. D. aod F for drilling fogs).

FlisflssVB f̂ l s^ssssssssstEslstCS IDC IQCsBBiilOwtt OC Fî O OQM'COCQOOC Ol tDC Slt6« ulC CIOS r̂46CttOssB AZC

pmtastd as figvcs 3-2 and 3-3. Drilling logs were ased to consauct these crass-secooos

located within the study ares. The cron sectioiu also show the screened tntcrval of each weO

Figare 3-2 is cross-aecooB A-A' wisb an appraunase cut-west trend that parallels

U.S. 33. This ooas-Mcoon extends from MW12 to MW40, and was conatrocted so iUnstnce

i of » sill and day oil identified in the stady uca \bot n ctotestd nesc MW\S.
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Although this silt and clay has variable color and clay content, in general, it can be correlated

from MW1S eastward to MW18. westward to MW51, and southeastward to MW36 (see

Figure 3-3).

Figure 3-3 is cross-section B-B' along a line bearing approximately southwest to

northeast, from monitoring well location MW13 to MW16. This geologic cross-section was

constructed because it is approximately perpendicular to the groundwater flow direction. Also

refer to Figure 3-1 of the Phase If Technical Memorandum (Appendix B), which is a cross-

section that extends across the railyard to the St. Joseph River, and is oriented parallel to the

groundwater flow direction. Evaluation of the lateral continuity of clay and silt units shows

that the silt and clay is present as discrete lenses or masses. Figure 3-2, Figure 3-3, Figure

3-1 of the Phase II Technical Memorandum (Appendix B), and the drilling logs clearly show

that there is no continuous Confining layer present in the study area. Below the discontinuous

silts and clays, the study area is dominated by interbedded brown sand and brown sand and

gravel.

Table 3-1 shows the results of laboratory grain-size analyses for soil samples collected

during the installation of due Phase HI monitoring wells. Ten samples were submitted for

grain-size analysis; Table 3-1 summarizes the results, which are presented in Appendix E, and

applies the Unified Soil Classification System (ASTM D 2487-85) to the laboratory data.

Table 3-1 also lists the results obtained for specific gravity because this factor is utilized in

mass transport calculations, the specific gravity ranges from 2.61 to 2.72 with the average

being 2.67. A value of 2.65 s normal for most sandy soils (Domenico and Schwartz 1990).

The soil samples were collect!id from the depth of the screened intervals of the Phase m

monitoring wells. The s;inipl»s consist of soil that was collected from intervals which range

from 1 foot to 6 feet. Bccai se the length of all Phase in monitoring well screens is 10 feet,

the samples do not reflec: tt: entire interval over which the monitoring wells are screened.

Although it is rare for the f. aln-size distribution of the aquifer material to be constant over a

10-foot depth interval, that samples provide a reliable characterization of the soil type in

which the Phase in monitor ng wells are screened.

The predominant so I type shown in Table 3-1 is poorly graded sand (SP), based upon

the terminology used by he Unified ;5oil Classification System. For practical purposes, the

sand and sand and gravel unit (in which most of die monitoring wells from all three phases

3-2
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are screened) is best characterized as being near the dividing point of two classification

groups, thai is. poorly graded sand (SP) and well-graded sand (SW). As shown in Table 3-1.

the percentage of sand in samples ranges from 59.0 to 97.0 for the 10 samples. Four of die

10 sanples contain over IS percent gravd. The results in Table 3-1 and Appendix E are

consisstsi with the cross-sections (Figures 3-2 and 3-3) in that die predominant unit uulaly-

•g de sndjr area is interbedded brown sand with localized sand and gravd lenses. The

; of dus overburden ranges from 137 to 169 feet and die median depth to

bedrock is ISO feet DCS.
The frfdrorfc units beneath die overburden consist of die Coldwater

and die EHswortfa Shales of Devonian and IfasisMppun age

i Martin 1981). Shak was encountered and sampled while drilling at

i in aO cases dv shale was Ninth gray to girrniUi gray, ptisune. dry. and

extremely dense. Four of die seven locations were boreholes drilled far monitoring wefl

MWD2BR. MW30BR. MW43BR. and MW49BR Two locations were lead-

borings LSA 40 and ISA 42. and one location was soi boring B40. The

i of die known depth to bedrock are widely spaced. For example. MW43BR and B40

I by a distance of over 2 miles. For dv purposes of groundwaaer modeling and

dK evaluation of remedial alternatives, die MUUKC topography of dK shafe bedrock can be

described in die sojdy area. The area! distribution of die seven locations b

linear, which allows for an apparent dip or slope of dK bedrock surface to be

The true dap *•"•"* be determined. The ;

of dK seven locations is 1 degree to die soodiwest. Cotuptiisons between other pairs of

locations result in appaimt dips less dm 1 dcgm and reveal no trend or systematic pattern in

(hedncbonofd*). The median elevation of die bedrock surface is 600 feet above MSL. and

none vf ine neven vanies uevnnei uroni tnts median vanie by move dian 5 nerjccnt* Thts

mdscmBi dmt lue bedrock is essennafiy btxutintal under die study area. Hciauic die beihock

is not an aquifET and was obsermi to be pristine, dry. and extremely dense, die investigation

i wffl fbcns on dr gtacml geology.

3-3
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3.2 HYDROGEOLOGY

The depth to the water table in the study area varies from approximately 3 feet BGS

to nearly 20 feet BGS. The observed depth to water depends on geographic location, season,

and elevation of the ground surface. The Phase in water level elevation data collected from

all monitoring wells were presented in Table 2*3. From December 1989 to January 1993,

water level measurements were collected from the existing wells on at least 14 separate

occasions. A comparison of the data recorded over this three-year time span indicates •

fluctuations of less than 3 feet observed in the elevation of the potentiometric surface. The •

relative static water levels among wells were consistent for each monitoring event, causing the

shape of the potentiometric contour lines to remain constant.

Groundwater table surface maps and intermediate and deep potentiometric surface

maps were constructed to interpret groundwater flow patterns in the unconfined aquifer using

November 15, 1992 (see Figures 3-4 through 3-6) and January 23 and 24, 1993 (see Figures

3-7 through 3-9) data. The maps were constructed using the data from Table 2-3 to enable

comparison of the three zone depths in the unconfined aquifer. The shallow zone extends

from the water table to approximately 35 feet BGS. The intermediate zone spans 35 feet BGS

to 85 feet BGS. The deep zone extends from 85 feet BGS to the top of bedrock. Table 2-3

indicates the monitoring zone of each well. Water level data from monitoring wells screened

within these respective zones were used to construct the respective maps. Comparison of the

November 15, 1992, set of maps (Figures 3-4 through 3-6) with the January 23 and 24, 1993,

set (Figures 3-7 through 3-9) shows similar flow patterns for comparable zones. Both sets of

maps are also consistent with the shape of potentiometric contour lines determined during

Phases I and n. The median Phase m horizontal groundwater gradient is 0.0020 ft/ft for the

shallow zone, 0.0019 ft/ft for the intermediate zone, and 0.0020 ft/ft for the deep zone.

Figures 3-4 and 3-7 show contour lines that represent the groundwater table in

November 1992 and January 1993, respectively. Groundwater mounds are present at

monitoring well locations MW18, MW30S, MW43S, and MW45. The MW18, MW30S, and

MW45 mounds may be related to the clay unit beneath the northern portion of toe classifica-

tion yard, as shown in Figures 3-2 and 3-3. This relationship between clay and mounding is

not .consistent throughout the study area because other areas where clay or silt is present do

not exhibit mounding. An additional explanation for the groundwater mounding near MW18

3-4
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and MW45 is based on the potential for greater recharge due to die adjacent open field near

diese wells. The proumiry and shape of die St. Joseph River is also a conuibutiug factor to

dK curvature in die contours dot is observed in relation to monitoring well location MW18.

MW4S is located widiin UK raUyard property and is at a ground surface elevation dot is

approximately 8 feet higher than nearby wdb located along U.S. 33 or soodi of die railroad

tracks. Two boon may be responsible for die groundwater mound at MW43S. Clayey sflt

extends from 14 feet to 18 feet BGS at diis location and die bottom of dK screened interval

for MW43S is 16 feet BGS. The odier factor is a pond that is located nen to dm well due

•ay be "''r^g as a localized recharge source to ground water. The general grouulwaiet flow

direction is to die west-northwest. In die LaRne Street area, however, die general flow

direction is north.

Figures 3-5 and 3-6 show contour hncs tnat represent the |MJ*T*B *THIIT 11 IT surface of the

intermodule and deep mooatoraag zones for November 1992. M^HT * 3~8 and 3-9 arc

addational naps cc«ctnicted using data fron January 1993. These four maps are similar to

die two corresponding groundwater table maps with respect to the sparing of die coi<oui

lines. For the geologic condnons in die Cbnnul Site study area, dus indicates that die three

iaribr hydraulic conductivities. Comparison of dx shape of OK

• fines for die shallow and intermediate zones reveals general similarity wim dK

exception that the mtermediaie maps cannot be used to evaluate the presence of die giouudwa-

ter sonands at mooioring wefl locations MWI8. MW43S. and MW45 shown using the

table maps. This b due to dK fewer locations of wells widiin dK i

The groundwater mound located at momtoring well MW30Sisnot|

I deep zones. The mound present in dK shallow zone at MW43S b not

observed m she deep zone. Asaunaing dK groundwater flow direction b at right angles to dr

larky m shape of dK contour lines among the three zones indicates

flow paths.

Table «lists the vertical hydraulic gradients for the two Hnw m wafer elevation

data sets. The vcitital byonubc gradient (I) between two wells at a nr Ufd lor at ion was

! following equation:
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ib-ia

where Ha is the water level elevation in the shallower of the two wells, and Hb is the water

level elevation in the deeper well. The lb and la terms represent the midpoints (depth BGS) of

the screened intervals of the deeper and shallower wells, respectively.

These results show the same general downward gradient (as evidenced by the "+"

signs) in the study area that has been observed during the previous phases. The vertical

hydraulic gradients and the respective locations of the monitoring well nests in the study area

are consistent with groundwater recharge in the railyard and subsequent groundwater

discharge to the St. Joseph River.

Hydraulic conductivity values were calculated from slug test data collected during the

Phase n investigation, and correspond to the filter pack and aquifer material immediately

surrounding the screened interval of the tested well. These values may be influenced by

disturbances caused by monitoring well installation, such as intrusion of drilling mud into the

formation. It was noted in the Phase II Technical Memorandum that the wells installed using

the mud rotary technique displayed the lowest values of hydraulic conductivity. It is not

known whether the lower hydraulic conductivity values measured in the mud rotary-installed

wells are a reflection of the use of this technique or a difference in the geology at depth. A

causal relationship between mud rotary wells and low slug test results cannot be deduced

because the wells installed to monitor the deepest zone of the aquifer were the same wells

installed using the mud rotary technique. Because the distribution, range, and magnitude of

the slug test results are typical values for unconsolidated sand aquifers (EPA 1990b), the

horizontal groundwater velocity will be estimated in a manner that allows for the results to be

applicable to all zone depths.

As a basis for comparison, the hydraulic conductivity value derived from the pump

test conducted in the study area by a water supply contractor (Peerless-Midwest, Inc. [no

date]), can be utilized. A hydraulic conductivity value calculated from a pump test represents

the hydraulic conductivity of the aquifer material within the zone of influence of the pumping.

Hence, the impact of the disturbances associated with the monitoring well installation, as

described for the slug test, is reduced proportionally to the radius of influence of die

3-6
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For these reason and because of the heterogeneity of the aquifer, variation

between slug lest data and a large-scale pump test's data within one or two orders of

magnitude is not wf***1

Horizontal velocity (Vfc) of groundwater may be calculated using die following

Vh = — (£0,3-21

I is die horiiontil hydraulic conductivity, % is the horizontal gradkat, and ne is die

effective porosiry value (Domtoko and Schwartz 1990). For die •'""•"••H hydraulic

coodnctiviry values in die above equation, E & E's Phase D stag test tanks and pump test

data from Peerless-Midwest, inc.. can be used for comparative purposes. Table 3-3 ]

MJKlfrt calculated homontal velooty values.

; for groundwater based upon die ranges observed in die data sets for die input p;

ters. The hydraulic conductivity values range from die lowest to highest observed 1

slug test ••*"*** A value that is wiiLui this range is die pump test result from 1

Midwest, be. (no date), which serves as a comparison to die stag lest mednd of i

The geometric mean of die Phase D stag test results is abo shown. The range and

i of die hornontal gradient were derived from Figures 3-4 ̂ ""^gli 3-9. The range in

effective pmusay was estanatcd by companng die aquifer luuenal descriptions duivul from

gain-size analysis in Table 3-1 widi representative values listed by liiiVujiuiia and Martin

(1981) and EPA (1983). The lower lout of velocity was calculated using die lowest

bydnabc < UMlm u>>y, lowest horizontal gradient, and die largest effective purosuy

i upper hmfl was cascahaod using die luglifii hydraauc fonlimivMy,

id lowest erseuiwe putosay. The huge range in giouulwater travel times, as

i in Table 3-3. is common for das calculation, and is due to die variation in die

I uyikauuc cumluciivKy. horizontal gradient, and effective porosity values of die

The variation m die hydraulic conductivity value is due to heterogeneity of die

glacial material, ft is important w note dot Table 3-3 shows velocities and tnvd times for

3-7
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groundwater, not contaminants. The effect of retardation caused by the adsorption of volatile

organic compounds onto organic carbon has not been taken into account in the travel times

shown in Table 3-3. This concept will be presented and discussed in Section 5. The travel

times were calculated to establish a baseline for estimating the time required for groundwater

to migrate from a potential source to an arbitrary downgradient location and to estimate the

time required for groundwater to travel a given distance. Values from Table 3-3 will be

utilized in Section 5 in calculations supporting the potential that sources of the groundwater

contamination in the study area exist on the Conrail facility.

3-8
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Table M

GRAIN-SIZE DISTRIBUTION RESULTS FOR SOIL SAMPLES COLLECTED
DURING THE INSTALLATION OF THE PHASE ID MONITORING WELLS

Wei

MW07D

MW45

MW46S

MW461

MW47

MW4I

MW49D

MW49BR

MW50

MW51

DeptJ ef

(ft*

124- 126

22.3 - 24.3

21-27

56-62

32.5 - 34.5

21-22

10-12

138 • 140

114- 116

106-101

flfedOe
Gravftr

2.64

2.62

2.72

2.65

2.66

2.61

2.71

2.67

2.69

2.67

NTCMI
OnMl

IS.I

4.6

13.2

0.0

34.5

0.0

10.3

8.6

23.1

15.2

Pene»l

10.3

90.2

59.0

17.9

59.7

97.0

13.4

19.1

73.3

82.1

•2T
3.9

5.2

27.8

12.1

5.8

3.0

6.3

2.3

2.9

2.7

Unified Sol

Gnu* gjnbel

SP

5P-SM

SM

SP/SW-SM

SW-SM

SP

SP/SW4IM

SP

SP/SW .

SP

UntfWdloa
ClmOTttllon Bytttm

Oreyp NMM

Poorty grad«d und wWi
travel

Poorly graded uod wtth
lUl

SUry und

Poorly (o well-|r»d«d
und with till

Wel!-gr«ted und with
irtvtl and lilt

Poorly graded und

Poorly u> well-traded
und with ill!

Poorly graded und

Poorly to well-graded
und with gravel

Poorly graded und wtth
gravel
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Table 3-2

PHASE in
VERTICAL HYDRAULIC GRADIENTS

WcBNw.

MW02S-MW02D

MW02S-MW02BR

MW02D-MW02BR

MWD4S-MW04D

MWWS-MW05D

MW07S-MW07D

MW08S-MW08D

MW08S-MWD8BR

MWD8D-MW08BR

MW10S-MW10D

MW11S-MW1ID

MW13S-MW13D

MW19S-MW19D

MW20S-MW20D

MW21S-MW2ID

MW23S-MW23D

MW27S-MW27I

MW28S-MW2O

MW29S-MW29I

MW30S-MW30I

MW30S-MW30D

MW30S-MW30BR

MW30MIW30D

MW30I-MW30BR

MW30D-MW30BR

MW31S-MW31I

Nvnatar 15,1992

+.00188

+.00034

'joaosf
•»• .00174

+.00151

N/A

+.00233

+.00103

-.00018

-.04484

N/A

-.00091

-.00156

-.00636

+.00178

+.01673

+.01083

+.00464

+.00073

+.01700

+.00715

+.00481

+.00058

+.00032

+.00000

+.00060

imnrj 13-34, 19*3

+.00103

+.00014

-.00045

+.00609

+.01386

+.00768

+.00233

+.00122

+.00018

-.05645

+.00135

+.00000

+.00000

-.00709

+.00158

+.01691

+.01111

+.00841

+.00220

+.01902

+.00750

+.00519

-.00019

+.00011

+.00047

+.00060

Key at end of table.
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oT 2

TaMe3-2

PHASE m
VOTICAL HYDRAULIC GRADIENTS

WdiNM.

MW32S-MW32I

MW33S-MW331

MWT7S-MW37D

MW3SS-MW3O)

MW43S-MW43BK

MW4tf-MW4a

MW49D4IW4WR

NflfVCflMCT 15f 1992

+ .00500

-.031M

-.00038

•i-OOOOO

*. 01075

N/A

N/A

JiiBiiy 2M4. HP

•HXM09

+.01730

-JXJOI3

+.00013

+.01416

+.00027

-.00034

N/A DM MM
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Table 3-3

ESTIMATION OF THE HORIZONTAL FLOW VELOCITY AND TRAVEL TIME FOR GROUNDWATER

Hydrauttc Conductivity

Data Soon*

LowestB * B
Phase n Slug Test
Result

Geometric mean of
B A BPbaun
Slug Test Results

Peerless-Midwest
Pump Test Result

HlfbestE it E
Phase n Slug Test
Resuh

(cn/s)

2.9 x 1(T3

2.4 X 10*

9.9 x 10*

1.1 x 10"1

(fi/«uy)

8.3

69

280

300

Horizontal Gradients
(n/ii) dcnvM iron

ngnrts»4
Through 34

0.0013

0.0020

0.0020

0.0030

Effective
~ - *^ *nrasvj

0.35

0.25

0.25

0.15

Velocity
(tot/yew)

11

200

810

2.200

Travel Tune (Track
69 to Intersection of
C.R. 1 and US. 33

-4000 tt.)

360 yean

20 yean

4.9 yean

1.8 yean

Travel Time (from
Intersection of C.R. 1
and U.S. 33 to the St.

Joseph River -7750 ft.)

690 yean

38 yean

9.5 yean

3.5 yean

U)

1 Estimates based on grain-size analysis data and representative literature values with nnges chosen to illustrate expected variation.
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4. NATURE AND EXTENT OF CONTAMINATION

This section presents and discusses the nature and extent of contamination in soil,

groundwater, and the drainage network. The discussion of the nature and extent of source

areas is based on Phase I, II, and HI soil analytical data.

4.1 LEAD-SCREEN AUGER SAMPLING RESULTS

This section summarizes and discusses the LSA sampling results from the Phase in

field investigation. Eleven LSA borings were located in the County Road 1 plume and five

LSA borings were located in the LaRue Street plume. All groundwater samples collected

using the LSA technique were analyzed for CCI4, TCE, CHL, and TCA at the field laborato-

ry. The method detection limits (MDLs) for these compounds were 8 /tg/L, 9 /tg/L, 7 pg/L,

and 7 pg/L, respectively. Appendix C contains the LSA sampling results and Figure 2-1

shows the LSA boring locations. The vertical distribution of contamination is presented and

discussed in a manner that is consistent with the interpretation of the groundwater flow

patterns presented in Section 3.2 of this report. To facilitate the discussion of the ground-

water monitoring approach and interpretation of analytical results, the aquifer has been

divided into three depth intervals. These three zones are used as a means to evaluate site

conditions and do not correspond to identifiable stratigraphic horizons. The shallow zone

extends from the water table (approximately IS feet BGS) to approximately 35 feet BGS. The

intermediate zone spans die interval 35 feet BGS to 85 feet BGS. The deep zone extends

from 85 feet BGS to the top of bedrock.
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4.1.1 Cowaty Road 1 Plane

LSA boring LSA32 was placed in the track 69 CC14 source area, whidi was

identified in the Phase H investigation, to define the vertical extent of gtounJwi

don. This LSA boring was drilled and sampled to bedrock to determine the presence or

absence of residual or pooled dense nonaqueous phase liquid (DNAPL) in localized horizons,

irrMHn the top of bedrock. In the gfoundwater sample collected Cram the 18 to 23-foot

DOS sample interval. CC14 was delected at 31.000 pg/L. This was the highest detected .

concentration of any coManinaoi in a giuuudwater simple collected using the LSA »*q ti"f»»

in the study area. CCL; concentratiom in die two other samples collected between 23 feet and

35 feet BCS wcse 6.400 pg/L and 1.800 ?g/L. Within the iutei mediate moaaociag zone,

GCLj concentrations ranged from non-detect to 200 ng/L. CCL; was dftciicd in giouulwater

sanBvles coOecttsd IJM*M the *r f̂p TOB^ at ooooeotratioos less uun or CQual to 84 &£/*_- Toe

gronndwater saanple collected front the interval on top of bedrock (143 to 148 feet BGS)

shows ilfiTf'*M* levels of CCl̂ ; however, diis detection may be attributable to <*t"*T-nni<j'tn-

LSA borings LSA34 and LSA36 were positioned at die approximate center of the

main flmiftatinn yard, which b hydraulically downgradient of LSA32. in order to locate the

path of feCX^gronndwater pilaw originating foxn LSA34and

LSA36 were drilled to 93 feet and 63 feet, respectively. The highest concentration of CCL;

detected in LSA34 was 2.2 pg/L in dw 23 to 28-foot sample interval, and the highest

concentration of CCLj in LSA36 was 5.5 pg/L in the 13 to 18-foot sample interval. This

i that the CCL; antanunauon associated with die track 69 sooroe area has Hnuted

'. on the grouodwater ouahty at these locations.

TOE was detected in giuundwam samples collected from LSA32, LSA34. and

LSA36. TCB was delected only once in LSA32 above die MDL in the giuuudwan

Bl fioai the 28 to 33-foot sample interval at a concentration of IS pg/L. TCE was

delected above 1 pg/L in LSA34 at conceutiations of 5.7 pg/L and 47 pg/L in die gronnd-

wafcr sampies coOected from the 18 to 23-foot and 23 to 28-foot sample interval, letpeuive-

ry. At LSA36 located 250 feet east of LSA34, TCE was detected at a maxkaum concentra-

tion of 1̂ 00 pg/L m the gruundwater sample coHected from die 38 to 43-foot sample

TCE concentrations gradually decrease from diis high concentration wim depth in

4-2
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the intermediate zone, such that TCE was detected at 25 pg/L at the bottom of the boring at

63 feet BGS. Based on field analytical data from LSA34. which showed a maximum TCE

concentration of 47 pg/L, and field analytical data from LSA36 and LSA2S (from Phase II,

see Appendix B), located east and west of LSA34, respectively, each of which revealed TCE

at concentrations greater than 1000 pg/L, it appears as if one TCE groundwater contamination

plume has been bisected in the vicinity of LSA34, or multiple TCE plumes are commingled

and are represented by analytical results from LSA36 and LSA25. The sources) of the TCE

detected in these borings is unknown.

TCA was detected in LSA32 at a concentration of 9.6 ng/L in the groundwater

sample collected from the 48 to 53-foot sample interval. TCA was either not detected or

detected at concentrations < 1 pg/L in all other samples from LSA32, LSA34, and LSA36.

In these same borings, CHL is present in groundwater samples where CC^ is observed, at

relatively lower concentrations. This is consistent with the degradation process of CC>4

parent material undergoing reductive dechlorination to CHL daughter product (see Section

5.2.2).

LSA boring LSA38 was completed in the track 65 and 66 TCE source area, identified

in the Phase II investigation, to define the vertical extent of the groundwater contamination in

this area. The total depth of LSA38 is 148 feet BGS. LSA borings LSA42 and LSA44 are

positioned downgradient of LSA38 in order to characterize the path of the plume originating

from this source area. The total depths of LSA42 and LSA44 are 138 feet and 83 feet BGS,
respectively. TCE was detected above the MDL concentration in groundwater samples

collected from all three of these LSA borings, while CC14, CHL, and TCA concentrations

were detected below their respective MDLs in samples collected from the three locations.

TCE concentrations from LSA38 ranged from 28 /ig/L in the 18 to 23-foot sample interval to

1.400 pg/L in the 78 to 83-foot sample interval. TCE also was detected at a concentration of

720 M8/L in the sample collected on top of bedrock (143 to 148 feet BGS) in LSA38.

Concentrations of TCE greater than 500 pg/L were present in the groundwater samples

collected from the shallow monitoring zone of LSA42 with the highest concentration (2,800

/ig/L) detected in the 33 to 38-foot sample interval, a sampling interval which overlaps the

shallow and intermediate zones. TCE was not detected above the MDL in the deep monitor-

ing zone in LSA42. In LSA44. TCE was detected at concentrations greater than or equal to
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100 fig/L between 18 feet BGS and 58 feet BGS, with a zone of TCE detected at

lions greater than 500 ?%fL between 28 and 43 feet BGS. The results from LSA44 indicate

that TCE contamination extends into the intermediate monitoring zone at this location. The

sfaaOow and imermcdiatf contamination in this area can be attributed to the back 65 and 66

TCE source area. The presence of DNAPL or an additional source may be the cause of

i in the deep zone, however die source of the deep zone contamination is

Three LSA borings. LSA43, LSA4S. and LSA46, were positioned east to <

respectively, along U.S. 33 to identify die path of the plumed) at die border of die raflyard

and to fanner define die groundwater contamination previously identified to die west of these

locations in die intermediate monitoring zone. The total depths of these borings were 68 feet,

93 fees, and 108 feet, respectively. CCI4 and TCA were not detected in i m

front ****f? mrffff borings at fHKTniiMHrm above me respective MDL POT each

CHL was detected only once above die MDL in groundwatei samples coileOBd from diese

daree borings at a concentntion of 38 f&L in die 103 to 108-foot sample interval hi LSA46.

TCE was delected above die MDL in groundwater samples collected from LSA43 at

,.-..,.«..•«•, of 12 pg/L and 13 pg/L in the 23 to 28-foot and 63 to 68-foot :

lespeuively. In LSA4S. TCE was delected above die MDL in te 58 to 63-foot and

78 to 83-foot sample intervals at respective concentrations of 350 pg/L and 13 pg/L. In

LSA46. TCE was not detected above die MDL in groundwater samples collected in die

shallow and f"**""******* zones. In die groundwater samples collected wnui die deep zone.

die TCE umenttatiom nngrrt from 1.400 pgVL to 6,300 pg/L. Based on dme data and

Phase n LSA itauhs. dus TCE at dK buidei of die Conrail facility represents a continuous

phme dial can be traced upgndient mto die railyard and downgradient no die County Road

LSA40andLSA4l were located and sampled to investigate die relationship between

die County Road 1 plume and die Charles Avenue contamination (see Figore 2-1). In LSA

40. CCL^ and me were not dtmtcd at cuKJCntiatious above die respective MDL for each

• groundwater samples collected to a depm of 93 feet. CCL^ however, was

in dae deep zone at a concentration of 84 pgft. in die groundwater sample conccatd

6001 dK 96 to 103-foot depm interval. CC14 coocentranons increased to approxiniately 200
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/ig/L at a depth of 108 feet and remained at this approximate concentration to a depth of 133

feet, before decreasing to concentrations below the MDL in the groundwater sample collected

from the 143 to 148-foot sample interval at the top of bedrock. In addition, TCE was

detected in groundwater samples collected from LSA40 in the five sample intervals between

108 and 133 feet BGS at concentrations ranging from 55 /ig/L to 98 /ig/L. TCE was not

detected above the MDL in groundwater samples collected between 133 feet and 148 feet

BGS.

In LSA41, CC14 was not detected above the MDL in groundwater samples collected .

to a depth of 146 feet (top of bedrock). TCE, however, was initially detected above the

MDL in LSA41 in the groundwater sample collected from 108 feet BGS, at a concentration of

17 /ig/L. TCE was detected at a concentration of 530 /ig/L in the groundwater sample

collected from the 128 to 133-foot sample interval. TCE concentrations remained above 100

/ig/L to the top of bedrock at a depth of 146 feet These results indicate that the Charles

Avenue contamination is part of the County Road 1 plume. Within the Charles Avenue area,

the area! extent of TCE groundwater contamination appears to be greater than the CCL;

groundwater contamination

4.1.2 LaRne Street Plume

LSA borings LSA31, LSA33, LSA35. LSA37, and LSA39 were drilled in the east end of

the Conrail Site study area, on the Conrail facility adjacent to the receiving yard, in order to

delineate the source of die LaRue Street contamination plume within the railyard (see Figure

' 2-1). Based on data from previous investigations in the study area, the levels of contamina-

tion are lower in the LaRue Street area than those observed in the main classification yard.

Levels of contamination in this area are near or less than the respective MDLs. Figure 4-1

shows the locations of cross sections C-C' and D-D' created from the LSA borings in the

LaRue Street area. Figures 4-2 and 4-3 are cross sections C-C' and D-D', respectively, and

show die concentration contours of CC^ and TCA within die aquifer.

Cross-section C-C' (see Figure 4-2) is oriented south to north and includes LSA

borings LSA31, LSA35, and LSA33, respectively. The Conrail receiving yard is approxi-

mately midway between LSA31 and LSA35. The groundwater flow direction is approximate-

ly to die north. LSA31 is upgradient of die receiving yard based on groundwater flow
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direction and has a total depth of 93 feet BGS. The highest conccuhHion of my of the four

volatile coanpoiinrts in gtouudwater samples collected from mis boring analyzed for in me

field laboratory was 3 5 «AL TCA ia sample interval 53 to 58 feet BGS. This indicates that,

with the nrqition of TCA. mere are no sources of these compounds

of the receiving yard contributing to the ground waiei cuamuinstioii identified <*<j""^fli

of mis hK't*Jw The location of the source of this TCA is not Imuwii. TCA CM be muod

wanan the ustenDediate im^ wiili nt rfatmg coiitenii^ioos downgndtent of the teceivmg-

yard from LSA35 to LSA33. TCA was not detected in gronndwater samples collected from

me deep zone. The sourne of mis TCA also is not umwu.

Cross section C-C' (Figure 4-2) shows the absence of 004 in LSA31 near the

table and the presence of CQ4 at 13 n/L in the water table giuuuJ^am sample t

from the 18 to 23-foot interval of LSA35, which is located downgndient of the receiving yard

on me Goanfl facility. Fuithu downgndient in the

004 was dfKctfiil in LSA33 at a umurrtialimi of 34 ^IL m the i
^uklt^rf^hKdl JHMM^M «k^ I • •__ ̂ ^ &«d^ *^H^Httl̂  M^^^P«««I ^tfMtfi ^* « «M«^M»^^M«^*M^Mcouccsto troan me IB to z>-fooi sampte IUKTVU ana at a uimciiiaiiun

grouodwater sanple collected from die 23 to 28-foot sample interval. The tesufes shown in

me C-C* cross section are consisaent with die Phase D LSA results. SpernVaOy. LSA10,

which was compkwd at the present location of MW40. was sampled during me Phase n RI

and revealed Cd^ tout f mat ions similar to those at LSA33 at a sanOar <*>f*t> CCÎ  was not

I above the MDL in groundwater samples collected uom me lutuiuufiaie or deep

The line of section for cross section D-D' (Figure 4-3) is oriented east to <

LSA borings LSA39. LSA35. and LSA37. lespectivdy. The LSA barings used to

aB located downgndient of die receiving yard. LSA37was

30 feet west of LSA35. and LSA39wn located 50 feet east of LSA35. The

I. 18 to 23 feet BGS. from each of mese three LSA borings exhibits

of 004 for die respective boring. For dais sample interval. 004

detected at concentration of 5.6 pg/L in LSA37, at a concentration of 13 juj/L in LSA3S.

acotcenttatiooof70«/LinLSA39 Conrrarariom rapioTy decrease wim depth

hese high concentrations. The western edge of this CCJ^ psnme seems fairly weH

by the giuuud water results from LSA3S and LSA37, yet the T-fttini' edge of me
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plume as identified through groundwater results from LSA39 indicates that CC14 groundwater

contamination extends further east and remains uncharacterized.

TCA groundwater contamination is limited to the intermediate zone in LSA37 and

LSA3S. The shallow and intermediate zones, however, of LSA39 reveal TCA groundwater

contamination. The deep zones for these borings were not investigated. The pattern of TCA

contamination shown in Figure 4-3 is distinctly different from the pattern of CG4 contamina-

tion, suggesting separate contributing sources for these two compounds.

4.2 SOIL SAMPLING RESULTS

This section summarizes the subsurface soil sample analytical results from the Phase

HI soil borings. Appendix D contains the Phase ID soil boring logs, and the analytical results

for the Phase ffl subsurface soil samples are presented in Appendix E, Table E-l. The

discussion portion of this section is an interpretation of the nature and extent of soil contami-

nation based on subsurface soil data from all three phases of investigation.

Five distinct areas were targeted in the Phase HI subsurface soil investigation. Figure

4-4 presents the locations of the Phase III soil borings along with selected volatile organic

results for subsurface soil samples. Two of the areas were sampled to further define the

extent of sources identified during the Phase II field investigation: the track 69 area in the

eastern end of the classification yard and the track 65 and 66 area in the western end of the

classification yard. All soil samples collected from these two areas were analyzed only for

TCL VOCs at a CLP laboratory. Three additional areas were investigated to determine

whether they were source areas potentially contributing to known groundwater contamination:

an area in the receiving yard upgradient of the LaRue Street area groundwater contamination,

an area of reported spilled drums located south of the repair yard and east of the car shop,

and a location where a tank car was reportedly buried. Soil samples collected from these

three areas were analyzed for TCL VOCs, semivolatUes, pesticides/PCBs, and TAL metals at

a CLP laboratory. Semivolatiles. pesticides/PCBs, and metals sample analyses will be used

during the FS, if necessary, and are also presented in Appendix E, Table E-l. Soil boring

locations were selected based upon LSA results where applicable; Phase H RI results; and site

background information. Soil sample intervals were selected for VOC analysis based on OVA

readings in split-spoon samples (presented in Appendix D) and/or based on the depth and
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aquifer annul relative to die LSA groundwater results. Table 2-1 pctseoB die sampling and

analysis ptugiam for Phase III subsuiface soils and indicates the sample mnval sent for

analysis.

Track » Sim u Area

Three soil borings. B-40. B-4I. and B-42. were completed in the CCL^ Hack 69

i area in order to define the north and sooth extent of the source area. B-40. located •

north of track 68 in tab source area, was advanced to bedrock in onto to define

the vertical extent of die CC^ soawce and to investigate the potential for residnal andAor

DOofcddenKOon-aqoe«Hph«»ebo»d(DNAPL) Soil borings B-41 and B-42 were located

one track north and two tracks sou*, respectively, of the B-40 location. In soil boring B-40,

€04 was delected in sample interval! of 18 to 20 feet BGS and 22 to 24 feet BGS. at

concentrations of 1.100 pg/kg «nd 64.000 pg/kg. respectively. 004 was detected again in

dm sod boring in die 128 to 130 feet BGS saBpfe interval at a concentration of 16 «g/kg.

CO4 w» not detected in the 148 to ISO foot BOS sample interval, which is located at OK top

of bedrock. €04 was detected to a death of 25 feet BOS in B-41 and B-42. at respective

concentrations of 4.200 pg/tg and l9«/kf. Soil sample intervals from soil borings in dm

area were sdecsed for analysis based on LSA groundwater resaks.

4X2 Track 65 and *f Some Am

Time soi borings. B47. B-51. and B-S2, were completed in die TCE source area

between tracks 65 and 66 in the wuatrn portion of die classification yard, in onto to define

te nan* and aonn extent of dot source area. In soil boring B-47. the iMihtinmnit boring.

TCB was domed at 70 p*/kg in the 2 to 4 foot BGS sample interval, fa sofl boring B-51.

TCE wac detected in ihe 2 to 4-foot BGS and 4 to 6-foot BGS sample intervals, at respective

conceaualiaeBoff20pg/kgand89pg/kg. The compound 1,2-dichloroethene (total), a

degradation prodoct of TCE. was delected in sample interval 2 to 4 feet BGS at a

concentration of 1.100 pg/kg. in •* sondwnmost boring. B-52. TCE was not detected in die
M^M! A^^^^HaX^M «^«»tt^M^k^Hl
vOU 9vllA^DwCnp COBBBCniC l̂*
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4.2.3 Other Potential Source Areas

Three soil borings, B-43. B-44. and B-45. were completed in the field just south of

the repair yard where drum contents were reportedly spilled. TCE was not detected in soil

boring B-43. TCE was detected in soil boring B-44 at a concentration of 8 fig/kg from the 15

to 17-foot BGS sample interval, and in soil boring B-45 at a concentration of 17 pg/kg from

the 23 to 25-foot BGS sample interval. Soil samples collected from the 7 to 9-foot BGS

intervals from soil borings B-44 and B-45 did not detect TCE. These detected concentrations .

of TCE were detected in soil sample intervals at or near the water table. CC14 was not

detected in any of the soil samples collected from these borings. Acetone was also detected in

soil borings B-43 and B-44 at a maximum concentration of 230 pg/kg. Although acetone is a

common laboratory artifact, it was also detected at low, unqualified concentrations of 38 pg/L

and 19 pg/L in groundwater samples collected from monitoring wells MW41 and MW51,

respectively.

The reported buried tank car was located under a concrete slab adjacent to the

northwest corner of the Bridges and Buildings (B and B) Shop. Because the tanker was empty

and not filled with soil as anticipated, no samples from inside die tanker could be collected.

A soil boring, B-46. was completed, however, north-northwest of the tanker at a hydraulicaUy

downgradient location, in order to determine whether the former contents of the tanker had

leaked into the subsurface and were contributing to groundwater contamination. Acetone was

detected in the 19 to 21-foot BGS sample interval at a concentration of 41 /tg/kg. Three soil

borings, B-48, B-49. and B-50, were completed in the receiving yard on the Conrail facility

to identify the sources) of the LaRue Street contamination plume. The soil boring locations

were determined based on LSA groundwater results. In soil borings B-48 and B-49, CC14

was detected in soil samples collected just above the water table at concentrations of 31 jig/kg

and 22 fig/kg, respectively. In soil boring B-50, CC14 was detected at a concentration of 29

pg/kg in die 0 to 2-foot BGS sample interval.

4.2.4 Discussion

Soil borings, along with subsurface soil sample collection, were completed during

each of the three phases of field investigation in order to determine the nature and extent of

identified and suspected source areas contributing to identified groundwater contamination.
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Figure 4-5 presents the soil boring locations. Soil borings B-01 through B-19 were completed

daring the Rase I field investigation. Soil borings B-12. B-13. and B-14 are looted east of

die Coonil facility in die East Leaking Tank Car area, which is outside of die study area as h

is presently defined: and therefore, they are not presented on Figure 4-5. Soil borings B-20

daroBgh B-39 were completed during die Phase II field investigation, and B-40 dmugh B-52

were v̂ T1**"1 during die Phase ID field investigation. Based on analytical results from

sabsutface soil samples, two source areas on die Conrtil facility have been identified. A.

discussion of each of the source aieas foflowi.

A CQ4 source area was identified in die eastern section of die classification yard

based on luuaMfm soil samples from soi borings B-24. B-25. B-26. B-40. B-41. and B-42.

Sou* borings B-24. B-25. and B-26 are positioned west to east, respectively, in a 115-foot line

that is panDel to and just iKM ill of UBLB, 69. Seventy-rive feet separate B-24 (western boring)

and B-25. and 40 feet separate B-25 and B-26 (eastern boring). Sofl borings B-40. B-41. and

B-42 are poulinBrri on a 30-foot noidt^indHrendmg line between tracks 67 and 70. roughly

Mpt^'H^g the B-25 location. Baaed on analytical data from soQ lanajili i coJIectBd from diese

borings. 004 contamination was detected in an area bounded on die west and east by B-24

and B-25. respectively (75 feet), and on die north and soudi by B-41 and B-42, lespeuifdy.

OO feet). CQi omununaiinn was detected in soil sampiei collected from diese borings

buwutn dK depths of 18 feet BGS and 25.5 feet BGS (7.5 feet). The analytical data from

diese boundary locations are greater dan or equal to I mg/kg. iuggfiiiiig dot dus GC^

t beyond die approximate boundaries established widi die data to date.

This source is located in die saturated zone, in a suatigraphic unit dot is asore sOty doo die

stiatigiaphac nnils above and below it. B-40 was drilled to die top of bediock (150 feet) and

soB samples were collected duoughout die length of borehole. OQ^ was detected only once

between 58 feet and 150 feet BGS at 16 pg/kg in die 128 to 130-foot interval sample.

CUorafioan was also dctccied in dus aoaerval at a concentration of 9 pg/kg. Giuuudwater

data (see Section 4.3) and sne background nnormanon indicate die presence of a OCÎ

DNAPL source.

ATCE iouice area was idtniifieU in the western section of die classification yavd,

appnxtinnuely 1.900 feet west of die eastern ill aigM-a-way between ttauks 65 and 66.

AppToximaie dimensions of dns source area are based on analytical data from subsurface sofl
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samples collected from soil borings B-27, B-28, B-29, B-32, B-47, B-51, and B-52. Soil

borings B-27. B-28, B-29, and B-32 are positioned on a 440-foot east-west line just north of

track 66. B-28 is located at the 1,900-foot mark west of the eastern straight-a-way; B-29 is

40 feet to the west of B-28; and B-32 and B-27 are 80 feet and 400 feet, respectively, to the

east of B-28. Soil borings B-47, B-51, and B-S2 are positioned north to south, respectively,

in a 16-foot line between tracks 65 and 67, roughly bisecting the B-28 location. TCE

contamination was detected in an area bounded on the west and east by B-29 and B-32,

respectively (120 feet), and on the north and south by B-47 and B-28 (10 feet). TCE

contamination was detected in soil samples collected from these soil borings at depths from 0

feet to 4 feet BGS. This TCE source area is located in the unsaturated zone. However,

groundwater data from wells located directly downgradient from this source (MW49D and

MW49BR) detect TCE contamination at depdis much greater than 4 feet BGS, indicating

unidentified TCE contamination deeper in the subsurface or an unidentified DNAPL TCE

source.
CC14 contamination was detected hi subsurface soil samples collected from soil

borings B-48, B-49, and B-50 located on an east-west-trending line, just north of track 6 in

the receiving yard at the eastern end of the site, on the Conrail facility in the LaRue Street

area. Soil boring B-48 is located 970 feet west of the Conrail bridge over Nappanee Street,

and B-49 and B-50 are 50 feet and 100 feet west, respectively, from B-48. The contamina-

tion in soil samples in this area is of low concentration C<.31 fig/kg CCl*), yet the CCI4

groundwater contamination in the LaRue Street plume is also of low concentration. CC14

was detected in the 0 to 2-foot BGS sample interval in soil boring B-50. Although the

concentrations of CC14 detected in the soil samples do not definitely define a source area, they

do indicate the presence of surface and subsurface CC14 contamination potentially

contributing to groundwater contamination.

43 GROUNDWATER MONITORING WELL SAMPLING RESULTS

This section summarizes and discusses the results of groundwater samples collected

from monitoring wells during the Phase m field investigation. The County Road 1 plume

will be presented first, followed by the LaRue Street plume. Phase m groundwater analytical

results are presented in Appendix E, Table E-2. All groundwater samples were analyzed for
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TCL VOCs at a CLP laboratory. Phase III groundwater sample results are presented on

I.

4J.1 ComatyRondl

sad TCE conrammnrioo were detected hi groundwater samples coOeded from

wefls screened in the shallow, intermediate, and deep zones on the Conrai

r. at die St. Joseph River, and in die area between these points (see Plate 1). The - • .

i in Charles Avenue and Vistula Avenue are pan of the single, ialmsiile

' Road 11**1*11* Gronndwater flow direction in all three *B**TT is west-northwest, and

dkc gfoundwater contamination nfcjtw- as dfnnm by giouudwatei samples fbOows this path

front die Conrafl facility to die St. Joseph River. Based on giuund water flow direction,

groondwatef samples coBgrsfd (nun monitoring wells located liydi ariirafly npgndient of die

phnne and on the Conrail facttky. MW27S and t. MW28S and I. MW29S and I. and MW31S

and I, and giuuud water samples frum nnnitonng wells MW13S and D, located npgndient of

the plume and die site, did not detect any VOC oxunrination. The identified CC14 and TCE

Humiliation wffl be presented, respectively, for die shallow, intermediate, and

; of die aonifcr.

The nwdmnm concentration of CC14 gimmdwata cmaaiBimimi (110,000 «g/L) was

I in the shallow zone in a groondwater-sample collected from ir-rii irinj, wefl MW46S

located in me tnck 69 area on die Conrai facility. Gronndwater samples colected from

; wens MW47. MW26. and MW24, all on me Conrafl facility, alto

ICCI4 at umenuatiuui ranging from 24 pg/L (MW26) to 150 r&L (MW24). —'

14 contamination was dcstcatd in gronndwater

I from shallow monitoring weOs MW14. MW02S. MW37S. MW38S. and

! front 2 tt/L (MWI4) to 820 «/L (MWOftS).

i die intermediate zone on die Conrail Bcflitjr m

I from MW32I, MW46I, and MW49D ax e**if»mMMmA •••̂ •'g

from 1 «f/L (MW32I and MW49D) to 3 pg/L (MW46I). Groundwater samples coUeded

from inaermedtaie Humoring wens located dnectly downgradient of the Conrafl faciuty,

MW42, MW23D. and MW41. detected CC14 at respective concentrations of 150 «f/U 12

•f/L. and 8 pg/L. CC14 was abo detected in gronndwater samples coUeded from
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intermediate monitoring wells located within the plume; MW02D, MW05D, and MW08D; at

concentrations ranging from 17 /ig/L (MW05D) to 360 /tg/L (MW08D).

On the Conrail facility, CC14 was detected in the deep zone in a groundwater sample

collected from MW49BR, screened on top of bedrock, at a concentration of 47 pg/L. CC14

was detected directly downgradient of the Conrail facility in a groundwater sample collected

from a deep monitoring well, MW51, at a concentration of 42 /tg/L. Within the plume

downgradient of the Conrail facility, CC14 was detected in groundwater samples collected

from the following deep monitoring wells: MW37D, MW38D, MW44, MW50, MW07D,

and MW08BR. CC14 concentrations in these samples ranged from 42 pg/L (MW08BR) to

3,200 jig/L (MW38D).

TCE contamination was detected in the shallow zone on the Conrail facility in

groundwater samples collected from monitoring wells MW46S, MW32S, MW47, MW30S,

and MW24 at concentrations ranging from 1 ng/L (MW46S) to 1.100 ng/L (MW47).

Shallow monitoring wells located directly downgradient of the Conrail facility detected TCE

in the groundwater samples at concentrations of 13 /ig/L (MW14) and 75 jtg/L (MW23S).

Groundwater samples collected from shallow monitoring wells MW02S, MW37S, MW38S,

and MW08S, located within the plume, detected TCE at concentrations ranging from 16 pg/L

(MW37S) to 110 /ig/L (MW08S).

On the Conrail facility, TCE was detected in groundwater samples collected from the

following intermediate monitoring wells: MW46I, MW32I, MW36, MW49D, MW30I, and

MW34. Concentrations in these samples ranged from 8 pg/L (MW49O) to 7,900 pg/L

(MW3CH). Groundwater samples collected from intermediate monitoring wells located

directly downgradient of the Connil facility, MW42. MW23D, and MW41, had respective

TCE concentrations of ISO pg/L. 64 pg/L, and 15,000 pg/L. The TCE concentration of

15,000 /ig/L detected in the groundwater sample collected from MW41 is the maximum TCE

concentration detected in groundwater on the site. TCE concentrations detected in

intermediate monitoring wells located within the plume, MW02D and MW08D, had

respective concentrations of 500 pg/L and 180 fig/L.

TCE was detected in a groundwater sample collected from a deep monitoring well,

MW49BR. located on the Conrail facility, at a concentration of 20 pg/L. In the groundwater

sample collected from deep monitoring well MW51, located directly downgradient of the

4-13
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Coorafl facility. TCE was oteeoed at a concentration of 2,400 pg/L. TCE was detected in

giuauJwater samples collected from die foOowiog deep monitoring wefls locaied within the

pome: MWD2BR. MW37D. MW44. MW50. MW08BR. MWOTO. aod MW43BR. The

TCE cooccntntions of the samples ranged from S tig/L (MW08BR) to 1.100 pg/L (MW07D).

I

wdb MW46 and MW47 are locaied directly downgradient of the CCi,

locaied in the track 69 area and the TCE source locaied betweesi tracks 65 aid 66

lespectirely. m order to duuauac whether these sowces were contiiming to id

saapies ooUeaed from MW46S and MW47

at a coBceomtiM of 110.000 pg/L and TCE x a coaceotntrai of 1.

Both CO^ md ki-t, however. wen detected in montenog wdb not

dncdydow^ndietf of die identified sources. For instace. OC^ w*s delected in

; ooUected torn MW49. MW47. MW26. tod MW24. ifl locked on the

[bcffit/dowBgndkaiordieTCEsowce. Abo. TCE was detected m the graondwat

I from MW36. whkh is looted on the Cbnrail baity aod dmngiadiem of

A Ugh level of TCE coountnatioa was also detected 01MW30I, located on

the Cbani hcgky. sidc-grsdicai of die identified TCE source. These groondwater data

saoafljr •nply dot addUood sovca of CX^ and TCE exist on die Cbmfl batty that are

as yet nvdeodfied. The spatial dhpftotioa of die maxmum and high coacesMatiomofCXJ^

and TCE fhnmghoot the pfasae (bsenity and vertically) also:

OdorafMB (CHL). a degndatioo (daughter) product of CCI* was detected in
, •• - - -* &M^_ -fc- -»* 'l^ • !•!• Il • I • • * - -g-- • «̂J1« * - - - - -•i tomiaM noai snauow, inmoirniair, ana deep moBsunag wetis Mcateo

dBKassodcieciBdOCl4. The ratio of CCl4io CHL. cakdated from dcaected oiuLeuuatiuus

, does aot farm a coosfacrt pattern dm corrdaies wim 004

1 frasn BC CoaraH bcBky. or depth zone of die aoaifer.

I oaiy once at a groaadwaler sampk (MW46S) at a coocMUalioai of 30 «g/L. This

4-14
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detection of MCI was not qualified as a laboratory artifact based on CLP quality-control

protocols.

CC14 and TCE are both DNAPL compounds. Concentrations of CC14 and TCE in

groundwater samples are equal to or greater than 1 % of their respective solubilities

(8.00 E+02 and 1.10 E+03), suggesting the presence of a DNAPL source. The groundwater

sample collected from MW46S detected 13.8% of the solubility of CC14, and the

groundwater sample collected from MW41 detected 1.4 % of the solubility of TCE.

Therefore, the sources of the identified groundwater contamination may be DNAPL sources

(see Section S for further discussion of DNAPL sources). The distribution of CC14 and TCE

in the shallow, intermediate, and deep zones, close to sources on the Conrail facility and in

downgradient areas toward the river also suggests the presence of a DNAPL source.

Contamination in the deep-zone adjacent to the river may also have migrated to that depth

under the influence of the downward vertical gradients over the distance from the source to

the river, but deep-zone contamination on the Conrail facility due solely to the downward

vertical gradient is unlikely and may indicate DNAPL.

The groundwater sample collected from deep monitoring well MW43BR, located next

to Baugo Bay, detected TCE at a concentration of 450 jtg/L but did not detect CCL; at all,

although similar concentrations of CC^ are detected in deep monitoring wells MW50 and

MW44 (250 fig/L and 650 /tg/L, respectively). This contamination is indivisible from the

County Road 1 plume. Deep groundwater flow may be influenced by the direction of flow of

the river, and may flow laterally (or southwesterly) prior to discharging to the river. If the

TCE detected in MW43BR originated from a spill that occurred earlier than the CC^ spill,

the deep flow, inflwnrH by the river's flow, may have had time to cany the TCE contami-

nation to this location but may not have had the time to transport the CQi contamination to

this location yet.

4.3.3 LaRue Street Plume

CCL; contamination was detected only in groundwater samples collected from

monitoring wells screened in the shallow zone in the LaRue Street plume. Groundwater

samples from monitoring wells MW45 and MW48, both located on the Conrail facility, and
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MW40. tooted dhecdy duwugudient of the facility, detected CCL^ at the

cnooeniisjiam of 76 pg/L, 13 jtg/L. and 22

oontamtDaoofi was dewttd only once at MmteMmiMiy ibove

Levd (MCL) for TCE (S pg/L) in the LaRne Street plane. The

from the shallow monitoring wdl MW20S detected TCE at 15 juj/L. TCE

in grotaadwater samples ftom shallow loooiutiQaj wefls MW35,

MW4S. art MW48 were aO tatow the MCL. TCE was detected once ta the i

vme m the graondwater staple collected from MW20D located in the LaRae Street

ojiduaJalareaatacoacenttationoMpg/L. TCE was not delected in giuuuJimn \

colecnd Iron the deep zone hi the LaRne Street phone.

Orouudwam flow directioo in the LaRne Street plane area is generally to the north.

A very tfit^gfoondwaieroxiMBdenso ate shallow zone, as evidenced by January 1993

puuulwjtn deration dan far MW4S. MW35. MW48. and MW21S (see Table 2-3 and

fif«3-7).

MW45 • located iBf^ily downgiadient of QK GC|̂  snoanrttoe and

detected to d» receiving yatd (see Section 4.2). MW48

recehriag yard based on hydrologic dnta, prior to the

101 field investigation. The groondwater elevation data from MW21S indicates that the

MW21S IftTttnff K •nafleded oy ike nionnding. and can be considered doecdy nngndknt or

i LaRne Street phane and die Conrail facflny. OCii was not detected in the

! coDtocd nfoni MW21S, whne ^m«uJw^ia and Swratnce sofl OCl̂

t was detected on AeConraiDtcuity. CCL^ oaotananation delected in die

I from MW4S • probably die result of unanding of groond-

traunjoning contanination in die direction of giuuudwjtn flow

t of 15 pg/L and 4 pg/L were detected in the shallow and katamedane

respectively, in Bantering wdb MW20S and MW20D in tbe U Rue Street residential
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downgradient of the Conrail facility. TCE was not detected direcdy upgradient of the Conrail

facility in the shallow and intermediate zones, as shown by analytical results of groundwater

samples collected from MW21S or MW21D. Based on groundwater analytical data collected

upgradient and downgradient of the Conrail facility, the source of the TCE contamination is

on the Conrail property, but is, as yet. unidentified.

4.4 DRAINAGE NETWORK SAMPLING RESULTS

The purpose of the drainage network sampling was to determine whether the drainage

network is currently acting as or was historically a source of the widespread groundwater

contamination identified across the site. The drainage network schematic layout was supplied

to E & E by Conrail during the Phase ffl field investigation. Figure 2-4 presents the

drainage lines, flow directions, and sample locations. Network flow directions and access

points (manholes) were determined from the schematic layout and from discussions with

facility employees. The flow path of the network essentially is toward the main north-south

line, which drains directly into the secondary oil and water separator south of Crawford

Ditch. This oil and water separator eventually discharges into Crawford Ditch. Sample

locations were determined based on locations of known and potentially contributing sources,

the flow path of the network from those sources, and the ability to locate and access the

network via manholes.

All drainage network samples were analyzed for TCL VOCs at a CLP laboratory.

The analytical results are presented in Appendix E, Tables E-3 and E-4. Analysis of the

sediment and water samples from the drainage network revealed no detectable levels of TCE

or CC14. Six volatile organic compounds were detected: acetone, methylene chloride,

benzene, toluene, ethylbenzene, and xytenes (total). The acetone and methylene chloride can

be considered common laboratory artifacts given die concentrations that were present. The

remaining four compounds were detected in sediment sample DS02 and water sample DW02,

both collected from a location in the drainage network immediately upstream of die discharge

into the secondary oil and water separator. These four compounds are commonly associated

with gasoline or diesd fuel. These results show that me drainage network is not currently a

source of the identified VOC groundwater coittarnmarion, which resulted from surface spills

on the facility. The possibility that the drainage network historically acted as a conduit for
0103
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VOC axBammation cinuot be asses tfd due to the lack of previous sampling data from the

4J SURFACE WATER AND SEDIMENT SAMPLING RESULTS

This section summarizes the analytical results of the sediment and surface water

samples collected during the Phase ffl investigation in soppoit of the risk mmiueuL An

analysis of ike results is presetted in Section 6. The analytical molts are presented in

Appendix E. Tables E-5 and E-6 Tables 4-1 and 4-2 summarize the organic and inorganic

respectively, for each area, in which a group of sediment sanopki

collected Using me same format as die vaKmrnr data, die surface water sample organic and

iiinjganifc analytical remhy raapertwriy, are MamarineH hi TAlea A-3 and AU AD SUTnCC

r analyzed for VOCs. semivolatile componnds

PCBs. and mocgank. anatytes. except for SW16, which was not analyzed for pestkades/PCBs.

SD/SW01 through SD/SW03. were collected from Bango Creek, upstream of its dnchaige to

Bango Bay. As shown in Table 4-1. die VOC and semtvolaiOe componnds detected in these

lies were tohaene and two phmabnes. Al three componnds are

laboratory artifacts. No pesticides or PCBs were detected. A$ shown in Table 4-2,

were detected HI these sediment samples; the maxnnnm conccntn-

tionofenchanalytedetBcadmdBBgionpofsana^ No VOCs

were detected hi dns granp of snrface water samples (see Table 4-3). Two phtbatates and

laboratory artifacts. The twelve

fflhf* fMaTVVIIammwl 1'JwUfî nwl • awl ii Ml rfwf avAf4i

• Tahk4-4.

Hte sampfe pairs were colected from Bango Bay (SD/SWO4 throngh SD/SWQ8). in

Coany Ro^ 1 ptane dbdorges into the bay. The VOCs

ik hydrocarbon (PAH)

samples. Three pesticide compounds and Arocior-12S4'

samples from dns group. Eighteen inorganic snarytes were detected. The highest

4-18
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concentrations of semivolatile compounds detected in the sediment samples collected from

Baugo Bay were found in SD08. Most of these compounds were not detected in the

background samples. Sediment sample SD08 also exhibited higher levels of most inorganic

anaiytes than were present in the background samples. Although only the VOCs and the

phthalate are common laboratory artifacts, it is not clear whether any of these compounds or

anajyies are site-related. No VOCs were detected Jo this group of surface water samples-

One semivolatile compound, a phthalatej was detected and it is classified as a common -

laboratory artifact. No pesticide or PCB compounds were detected in this group of surface

water samples. Twelve inorganic anaiytes were detected. Surface water sample SW05

exhibited higher concentrations of most inorganic anaiytes than were observed in the back-

ground samples. Given the nature of the compounds and anaiytes detected in the surface

water and sediment samples from Baugo Creek and Baugo Bay, their relationship to the site is

Six sediment/surface water sample pain were collected as background samples from

the St. Joseph River. These samples (SD/SW17 through SD/SW22) were collected upstream

of the location where Crawford Ditch discharges to the St. Joseph River. The VOCs detected

in tfrfc group of vtMntfg*. samples were acetone, 2-butanone, and methylene chloride, which

are classified as common laboratory artifacts. Eighteen semivolatile compounds (consisting of

phenols, aromatics, phthalates. and PAHs), two pesticides, and Aroclor-1254 were detected.

Seventeen inorganic anaiytes were detected. No VOCs were detected in the surface water

samples. Four pfatfaalate compounds, each clMtificd as a tommon laboratory artifect, were

detected. One pesticide was detected. Eleven inorganic anaiytes were detected.

Eight sediment samples and eight suttee water samples (SD/SW09 through

SD/SW16) were collected from the St. Joseph River in an area that is pan of the discharge

zone of die County Road 1 plume. Acetone, methylene chloride, toluene, 2-butanone, 1,2-

dichtoroememKtotal), TCE, and CC14 were the VOCs detected in mis group of sediment

samples. The latter dace compounds are attributable to the site and are not considered to be

common laboratory artifacts. Some of these she-related compounds were detected in two of

the eight sediment samples in this group. TCE and CCJ4 were detected hi sediment sample

SD10 at concentrations of 100 pig/kg and 67 fig/kg, respectively. TCE and 1,2-

djcaloroetnene(total) were detected in .tfrfhncnr sample SD15 at concentrations of

4-19
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and 32 pg/kg. respectively. One phthalate. nine PAHs. diree pesticides, and Arodor-1254

were die odier compounds delected in this group of sediment samples. Eighteen mngpmr

anaryies were also detected in dus group of sediment samples. The types of compounds and

aiulytes as well as dmr cuuceuiiatIOHJ were similar to die tiart'ground sample results from

die St. Joseph River. TCE was die only VOC detected in this group of surface water

samples. TCE was delected at a concentration of 35 &/L hi surface water sample SW15.

The TCE in dus sample may be am mutable to die she. No VOCs were detected in SW10.

dK sample corresponding to SD10. Four phdalate compounds were die only semivolatue

compounds <fcminu • tnts giuup of surface wiiei samples and each is regarded as a <

labmatory artifact. No pesticides or PCBs were detected. Twelve in

The tarn}ilc locations for dus group of samples correspond to die discharge zone of

the plume. The rehnoostap between the < flmpuunds and uiatytes d< if cud in dais grmip of

•d die sne is uncertain bti auir smaHar results were otnaincd for die background

Given die nature of diese ounpuuiidi and anarvtes. only TCE. CQ*. and 13-

o^chloroethcneCtotaO can be attribnscd to dK site through die nndrngs of mis investigation-.

Three sediment samples and three sutfJuc water samples (SIVSW23 darangh

SD/SW2S) were coDecicd from thedgee ponds located south of OM mam classification yard

on das Coanfl facuty. Acetone and soluent. each categorized as a common laboratory

, were dK only VOCs detected in die sediment samples. Eighteen semivolatue

j coBected from die westernmost pond where an outfall pipe is

in SD25 and none were detected in die odxr two

; detected in SD25 at a concentration of 2.000 pg/kg.

i. VOCs. senavotatile compounds, pesticides, and

in diese dvee surface wster samples. Eleven inorganic anatytes were

mpounds and anaryies delected in tfiiiiiifn sample SD25 appear to

be rebncd to dat tsmpte location, which is near die outfall pipe. The apparent impact off the

ontfal is uncertain hfcautc the way in which die outfall pipe is (nntttul to dsc'
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Table 4-1

SUMMARY OF ORGANIC DATA FOR SEDIMENT SAMPLES
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MM*
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ND
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ND
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Numbtraf

on
on
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ND
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M
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n
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1/3

1/3

1/3

1/3

1/3

1/3
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SD25
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Table 4-1

SUMMARY OF ORUANIC DATA FUR SEDIMENT SAMPLES

Orfink PiraoMUr

PtMkldM/FCBt (CM.)

DfeUrin

4.4--DDE

Eadria

Endowlfan U

4,4'-DDD

4.4'-DDT

MwhoiychJoe

cAdra AnMnyM

alpha chlordiM

. . . _ _

Aroetor-1254

Trajli rfMiiii TrtlTTTf

Rt«ikiK«ic<
(If/*)

ND

NO

ND

ND

ND

ND

NO

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Number of

0/3

on
0/3

on
0/3

0/3

0/3

0/3

on
00

on

uctttarf
C«K**tntloa

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

BMgcBcjr
&impk Nmn»»rt SPM-SOMi

R«MHt Rui(C
O^Atf

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

4.1

ND

ND

ND

ND

ND

ND

ND

1.6

J.O

130.0

NwMbcf af

2/5

on
0/3

on
on
on
on
on
1/5

in
in

UeXfeaW
MatBMB

CMKtotnlioa

SD05

N/A

N/A

N/A

N/A

N/A

N/A

N/A

SD04

SDM

SDM

FM*
Smpl* Numbin SD23-SD2S

RcMiks Rvngc
0*/k|>

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

17.0
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1.2

1.2

220.0
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5 6

9.2

15.0

2,000.0

Nuatbrr »f
Detection*

U/}

1/3

1/3

1/3

1/3

1/3

1/3

1/3

1/3

1/3

1/3
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Maximum

Canctntrttiwi
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SUMMARY 0V ORGANIC DATA FOR SEDIMENT SAMPLES

Or|Mfc ruMMtr

ttmh+Oi nr|Mlr f— p.

CMfauote

Ouonatra

pynnt

SfrfrrnirlrlMkiMr

boHoMMbnctM

cwytrav

bi<0-«b)*nyl)plMMalc

di-i-ociylf>bih«U«

benio(b)AuanMhciw '

b«mofr)fluofindnn«

benzo(t)pyreiit

indeflo(l.2,3-cd)pymM

bcMa((Ji.i)|iMylnt

fMidte^CBi

AUrta

r«domlf.« I

ft. JMtph Rim kckirwrf

ft*wkiMiw|t
W*t)

î KCM.)

IM>

130

130

N/A

M

69

430

ISO

71

46

160

61

410

NO

ND

190

1.400

IJOO

R

690

630

430

ISO

730

460

720

300

420

ND

ND

NMnferaT

I/I

s/s
tn
<M

sn
tn
i/i
1/1
5/5

4/4

4/4

33

I/I

Oft

0/6

UCMlMrf

CMMMntfMI

StJ««kU*ir
&Mtplt Miirtm SDH-SDU

RciuluRMift
<M/k|>

Number of
OtUdhui*

SUI9

SDI9

SOI9

N/A

SD20

SD20

SD20

SD11

SD20

SOW

SD20

SDJO

SD20

N/A

N/A

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

MO

1.400

ND

630

710

1.400

ND

1.100

370

430

130

ND

ND

ND

on

s/t

i/i

0/1

5rt

S/9

i/l
0/t

5/1

3/1

2/1

I/I

04

on
on

Location «f

Co«f««tf«Hna

N/A

SD12

SDI2

N/A

SD12

SDI2

SDI2

N/A

SDI2

5DI4

SDI4

SO 10

N/A

N/A

N/A
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DM**
4.4'«M

!•*»

- ' T ~

4.4'-DDD

4.4--DDT

ii n ijnm

UriiitMMl

•M.4MMI

,.— .HHto.

Andw-lIM

NO

ND

ND

ND

ND

NO

ND

ND

ND

ND

NO

ND

ND

NO

NO

ND

NO

ND

ND

07»

1 2

41

0*
M

am
Oft

04

04

04

04

14

24

14

fay:

NO: CiMpMMtf wu NMlyMd IM feM M tettd.

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

SO10

son
«no

ND

ND

ND

ND

NO

ND

ND

ND

ND

ND

ND

NO

4$

4,3

ND

ND

ND

ND

ND

04S

14

in

04

14

14

04

04

04

04

04

14

24

44

N/A

SOU

SDH

N/A

N/A

N/A

N/A

N/A

SDOf

SDI4

SDI4

IWMM: Bcotofy M| bvi

«QC

• IfHM.OMMMMIM
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SUMMARY OF INORGANIC DATA FOR SEDIMENT SAMPLES

AM**

AfariM.

Aatinoor

Annie

BamiM

Bciylliuffi

Cadmium

Calcium

Cfcromlym

Cobalt

Coootr• ' • f"

bo*

Lnd

Maftttiun

Himum
fcj^—^-— .MMravy

fcM_« •
NlCK«t

htfUftJlM

J7£l!3S,"£.3

Bomkal»B|o
«••*«>

1J60

NP

0.46

3.1

NO

ND

16.100

4.6

1.4

2.4

3.730

1.5

3.450

102

ND

4.2

NO

3.000

NO

1.6

13.1

ND

ND

24,300

6.6

3.2

3.7

5.930

14

6.910

114

ND

7.9

337

1loW*WBk*o> *ffllMPVr ••

M

Of)

V*
3/3

0/3

on
3/3

3/3

3/3

3/3

3/3

3/3

3/3

3/3

0/3

»/3

1/3

rllllrtirtt-i

SDOZ

N/A

SDOJ

SDOZ

N/A

N/A

SDOJ

SD02

SD02

SD02

SDOJ

SOW

SD03

SDOt

N/A

SO02

SD02

•wfiBqr

fctttkaRBBf*
« *̂O

U30

ND

0.37

6.1

ND

ND

I.OW

2.1

2.4

3.S

2.760

1.7

3J7

71.2

ND

4.3

ND

13.400

ND

I4.»

112

0.1

ND

13.300

34.9

14.7

SI. 4

32.600

33.7

13,200

1.NO

0.3

304

l,«10

Number of
MiriiM

5/3

on
sn
3/3

2/3

on

tn

us
5/3

5/3

3/3

5/3

5/3

3/3

I/I

5/3

3/3

UcMlMrf

CMCMmtfM

SD04

N/A

SDM

SDOi

SDOS

N/A

SDOI

SDM

SDM

SDM

SDM

soot
SD05

SDM

SD04

SDM

SD05

PM«1
Swna4t Numbm SD23-SD25

RniilM •»•!•

<•>*•>

1.740

ND

I.I

10.5

ND

ND

35.000

4.3

2.7

5.7

4.060

3.6

1.550

141

ND

6.2

ND

10.600

26.9

tl.l

2.420

0.66

11.6

15.300

IM

6.9

994

19.700

650

12.900

122

0.49

216

ND

Number »T
OtWdiwu

3/3

1/3

J/J

3/)

1/3

I/)

3/3

3/3

3/3

J/3

3/3

3/3

3/J

3/3

1/3

3/3

00

Location of
MttMMUB

CoMOtfrotiuu

SD25

SD23

SD25

SD25

SD25

SD25

SD24

SD25

SD25

SD25

SD25

SD25

SD25

SD23

SD25

SD25

N/A
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SUMMARY OF INORGANIC DATA FOR SEDIMENT SAMPLES
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" •

AMfcniit

Anwle

Ban.

teyta.

C«Mmi

Cikhm

Chiwdua

Cotak

COB*

Ira

LMd

Mi|Mi«ni

Mlll|llfU

Jin,,,PlwwVlj

Metal

*••*.

St. JtMpk Unr •MMNMd
Sw*fc NMMten (DI7-SD22

BtwkslMi*
*•*•>

uto
ND

2.1

11.6

ND

ND

4.270

6.1

1.9

3.3

S.OM

1.4

1.190

It

ND

5.3

ND

10.300'

ND

10.3

142

ND

ND

77.100

33.1

7

44.3

31,200

J7.9

21.100

1.470

2.1

22.7

9010

TlMtir if

tit

<V6

tit

tit

0/6

Oft

tit

tit

tit

tit

tit

tit

tit

6/6

1/6

6/6

1/6

iifirtii «f

8D17

N/A

SDI7

SD17

N/A

N/A

SDH

SD17

SDI7

SDI7

SDIO

SD17

SDII

SDI7

SD17

SDI7

SD17

ft. JMM* N*tr

teMfc
(̂

2490

ND

2

10

ND

ND

1.910

7.7

2

2.7

4.720

1.7

1.010

•6.6

ND

4.S

ND

••aft
AD

11.900

ND

20.1

1C

1.3

4.1

67,100

31.9

13.7

60.7

31.000

14

11.200

2.330

0.27

26.1

ND

Ntunterof

I/I

0/1

I/I
I/I
3/1

I/I

I/I

I/I

I/I

I/I

l/»

I/I

I/I

I/I

"1

M

on

Uolioa«r

CMCWtmiMI

SDI2

N/A

SD12

SDI2

SDIO

SDI2

SDIO

SDIO

SDI2

SDIO

SDI2

SDI4

SDI2

SD12

SDI3

SDI2

N/A
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M.J

2)0

114

BJI7

JOIT

SDI7

Ml

II.)

HD

Ml

IN

Oft NM

SDK

SDI4

SOU

ND: Amljni WM •nriyiwl for km MM
N/A:

IOUTM; Baitoiy MM! BVVWOWMM, Iw. 1494,

O
H*
H-*
CD



Tabb+3

SUMMARY OF ORGANIC DATA FOR SURFACE WATER SAMPLES

ffiiTfH riMitiii imti nrrt

Rsnft Niui*cr«r

SuaH* N«"*w» STVV3 J-SW23

Number oT
CoMwtnlliMi

I NO \ NO j on I I NO j NO 10/5 ( N / A | NO (NO (0/3 { N/A

NO NO on N/A NO NO (WJ N/A NO NO 00 N/A

NO 0.7 2/J SWD2 NO NO 00 N/A NO NO on N/A

NO 0.7 2/3 SWOI/03 NO 1.0 WJ swot NO NO (V) N/A

NO NO on N/A NO NO N/AS NO NO 0/J N/A

| NO j 0.014 \ I/I \ SW03 I HP I'm IN/A | NO | NO JO/3 I N/A

CD
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| NO | NO |4M N/A | HP | it I I/I [

NO

NO

NO

ND

10

0*

10

t.O

I/I SWIt

SWM

SWIf

ND

ND

ND

ND

ND

01

l/t

CM

2/t

1/1

swu

SWI3

N/A

SWM

SWIt

JND fo.o7 | IM | twu | NO j ND |o/r | N/A

Kty:

ND. AmlyM wu Mul>4Ml tof M U>H ihkivMil.
N/A:

Sourw: IUule|y iml UnviruMMM. liw. ItM,
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SUMMARY OF INORGANIC DATA FOR SURFACE WATER SAMPLES

AMfrM

AkMteB

AtttaMy

Anode

Bute

Ctlcte

Copper

kM

Lttd

MlfMthMi

MMPMM

KttttMBi

Sttate

Sodte

Zhe

S l̂SL'iStlWti

CM
226

ND

ND

53.1

13 .200

ND

329

ND

25.900

29.9

3.310

ND

14.500

ND

A»

133

ND

1.3

53.1

M.OOO

ND

361

I.I

26.300

31.4

3.920

IJ

14.100

13.1

Nwafctrrf

in
on
1/3

in
1/3

on
V)

1/3

3/3

3/3

3/3

1/3

3/3

1/3

rill, tit--

SWOI

N/A

SWOI

SWOI/02/03

SW02

N/A

SWOI

SWOI

SW02

SWOS

SWOI

SWOI

SW02

SWOI

SMBpbNM**nSW»4-SWM

(M/U

97J

ND

ND

52.S

7S.400

ND

300

ND

20.900

21

1J»

ND

9.900

12.9

4.170

93.6

2

76.3

92.500

ND

4.220

2.S

21.600

139

3.300

ND

15.600

50.1

N~htr«

5ff

2ff

3/5

5ff

Sff

Off

5/9

Iff

3/3

Sff

3/3

Off

3/5

Sff

cLSf-

SW03

SWOS

SWOS

SWOS

SWOS

N/A

SWW

SWOS

SWOS

SWOS

SWOS

N/A

SWOS

SW04

SMqrtt Nrabm SWJ3-SW2S

lUMta
(N

ND

ND

ND

13.3

41.500

ND

III

ND

I4.SOO

11.2

1.360

ND

4.940

ND

Kmp
/U

304

ND

ND

106

J9JOO

19.9

651

41.1

16.100

2S6

2.210

ND

6.190

155

Number of

in
on
0/3

3/3

3/3

1/3

3/3

1/3

3/3

3/3

3/3

0/3

3/3

2/3

Coaeartnttoa

SW23

N/A

N/A

SW25

SW24

SW23

SW2J

SW23

SW23

SW24

SW23

N/A

SW23

SW25
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•II

I I*

20.100
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NO
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NO
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NO
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NO
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II
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NO

NO
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1.MO
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NO

10,100

M

M

M
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M
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M

I/I

M

M
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SWI»

IWU

SWI«

N/A
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SWK
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5. FATC AND TRANSTORT OP CHEMICALS OF POTENTIAL CONCERN

TBB section presets a dbcutsioo of general factors influencing transport aod C«te at

the sac. Tb«e boon include wtoflizMoo. liquid transport, sorpnon.

A site-specific application of the processes is presented to estimate the ....d-.̂ ant

dae study am and cbeamcal loading to tbc St. Joseph River.

Tte T*—'̂  of potential concern at the Conrail Site include the chlorinated aliphatic

i. CQ4 and TCE. Tbb section discusses die fate and transport of these

, ,J ±. uLa JJuito^il ilirfirri- 'r'—•*—

He cfcowcab of potential coven dbcusMd in the HHE porooo of the risk aseanem

i dus section in addition » other thnirirah detected

itaat may pose a risk 10 human populations (see Section 6).
Tte tewry of openww and physical ctaracteristics of the ste influence 6n; and

earlier sections of dm report. Transport of chenucab m

nwoon of d*c physical and chemical properties of the chemicals

Physical and chemical properties of die

cooditkMU affecting transport

n die Stttaectioas diat follow. This section wffl focus on

««U as Buandwatu transpon, because these are the primary migration

5.1
Tut •»»» •ij«mm pnfnmir' - -^ ̂  - " ̂  «"** ^i«arf that the cheakab of

poraial coocen tare beta innooiaoed on ste *««u§Ji ndeases of liqa^ » snAce soto.

It is likely that mote dm one

5-1
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spill event has occurred. The liquids released to the site may have included single chemicals

and mixtures of chemicals. The chemical composition of the liquids released and soil

composition will affect the mobility and fate of the chemicals of potential concern contained

within the liquids.

Table 5-1 presents a list of chlorinated aliphatic hydrocarbons of potential concern

and their associated chemical properties. A discussion of the general physical and chemical

properties affecting the mobility of the major chlorinated aliphatic hydrocarbons present on

the Conrail Site, and possible transformation reactions follows.

5.1.1 Volatilization

Vapor pressure is a relative measure of the volatility of a chemical in its pure state,

and represents a compound's tendency to evaporate. It is an important determinant of the rate

of vaporization from waste sites. A compound's volatilization rate from water depends on its

vapor pressure and water solubility. Volatilization is an important factor when organic

contamination is within or close to the iinsatiiratrd zone.

The Henry's Law constant is the ratio of me compound's vapor pressure (in

atmospheres) to its solubility in water (in moles/m3). As the concentration of the solute

approaches zero, Henry's Law becomes a more accurate measure than vapor pressure for

predicting volatilization of the chemical to air from water. Compounds with Henry's Law

constants greater than approximately 10~3 can be expected to volatilize readily from water.
Those with values ranging from 10~3 to 10"* volatilize less readily, while compounds with

values less than 10~5 volatilize slowly (Lyman, Redd, and Rosenblatt 1982). Values for

Henry's Law constant (H) are defined by the following equation, where MW is the mole

weight (see Table 5-1):

H («tm • m>V(mote) - IBq. 5-1]
soiubflity (g/m1)

The chlorinated aliphatic hydrocarbons detected at the Conrail She are volatile

compounds with vapor pressures ranging from 18.5 to 349 mm Hg (for tetracnloroethane

5-2
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(PCE) and metfaykne chloride. respectively) and with Henry's Law conainB ranging from

2.03 x I<T3 to 2.59 x IO'2 ann-ai3/nioi (for methylene chloride and PCE. respectively) (see

Table 5-1). Some of the Henry's Law constants shown in Table 5-1 woe compiled from

that are independent of the sources used to compile the sotobiity and vapor

s. Use of Fquarion 5-1 to derive Henry's Law «•"•»«*»"•« will result in small

i from the values shown. This is a reflection of numerous ""fw"»w that

Ht to the total uncertainty associated with the values listed in dm table. The Henry's

Law values ihuwu in Table 5-1 fflf^r* that the major chemicals of potential ^T^tn at the

Count! She are exprrtfd to volatilize readily from water. Volatilization removes etmtmnanft

mass from giuund water. resulting in die uausiei of significant ffiMilifi of mass front

youudwjuer to soil gas. Volatilization of dissolved organic solutes from groundwater that is

; widi a gas phase can be modeled using equilibrium concepts bused on Henry's

Law. This BUB law equation rebuts n*: concentration of dissolved cheuu^ m solution to

the partial pressure of me saute chrnural in a gas phase (i.e., air or sou* gas) in contact wim

the Tffhnrim The process is uamofled by die concentration of the organic solute in the vapor

An estimate of die tool mmunr of TOE and CC14 dot has undergone

i has not been caknhnnJ. However, volatilization is a "•(pyre pathway that is

addressed in detail in me HUE (Section 6).

5X2

In pure fonu die cuenucalt of potruiial coocern at die Coorail Site would exist at

liouidi over ine range of afnbieut air pressures and if mpctunirci expected to irHm at the site.

The liquid deustoa range from I.M for U-dkiyoroedjene (U-DCE) to 1.63 gAnL fior PCE

(see Table 5-1). These drmsriei are greater man dw density of gronudwater (approximately 1

g/oL). SpaTb of n^ese hydroeatbont mut reach the groundwater would have die potential to

nugrate downward through the groundwater coramn.

Water autubiky (die snaTrnmim concentration of a chemical dot dissolves in pure

water at a i|fftifir tenperatnre and pH) is a cntical pioptiiy athxtng die envnonmeotal

tranaport of a chenucal. Highly water soluble chnnicals can be rapidly learned from sofls or

waste and are generally mobile in groundwaier. traveling dvough advection. Advectian is die

|?ffffTii by which the buft. moiion of flowing giouiidwiier transports chemicals. The

5-3
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movement of chemicals in the water is also influenced by dispersion. Dispersion is the result

of molecular diffusion (movement from high to low concentrations) and mechanical mixing

(the result of variations in groundwater flow). Dispersion spreads the contaminant mass in

three dimensions beyond the space it normally would occupy due to advection alone. The

chlorinated aliphatic hydrocarbons detected at the Conrail site are moderately to poorly water-

soluble, ranging from 8 x 102 mg/L for CC14 to 2 x 10* mg/L for methylene chloride (see

Table 5-1).

The groundwater contaminant distribution suggests mat chemical releases likely

consisted of single-component liquid DNAPLs. DNAPL chemicals are immiscible with and

denser than water. Their immiscibility and high density enable DNAPL constituents released

to a porous medium to penetrate the unsaturated zone and migrate downward into the

saturated zone as a separate nonaqueous phase. DNAPLs can overcome vapor pressure in die

unsaturated zone and pore pressure in the saturated zone if conditions are favorable (i.e.,

large releases of DNAPL), and flow downward until their progress is finally impeded.

Impediments to DNAPL flow could be a low-permeability geologic unit, a cohesive,

continuous clay unit, or a dense shale bedrock unit.

A characteristic of DNAPLs that also influences vertical migration is their relatively

low viscosities in comparison to water. It has been shown in experimental models by

Schwille (1988) that a DNAPL of lower viscosity than water will sink more quickly than

water through the unsaturated zone. Upon encountering a zone of lower permeability or a

capillary fringe, however, die DNAPL migration rate is substantially slowed and will only

pass through these layers at high hydraulic conductivity pathways, whereas the rate of

groundwater migration is not affected to the same degree. A DNAPL will descend fester in

the unsaturated zone than water because of its density and viscosity. In the saturated zone,

however, the pressures that must be overcome and the effects of buoyancy prevent rapid

movement of the DNAPL.

During the DNAPL spreading process through the unsaturated zone, the DNAPL will

begin to occupy available pore space of the soil. A DNAPL will progress more rapidly

through a moist unsaturated zone than a dry unsanirated zone because more pore spaces are

wetted in a moist medium and thus are not available to retain the DNAPL. Besides moisture,

the retention capacity of a soil can be influenced by low-permeability layers, capillary fringes,
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and depressions in the low-penncabiloy layers, ail of which can cause the released DNAPL to

nmtffiHfte The residual saturation of a DNAPL in the unsaotrated zone is typically present

asJnmobile. seraMsolaied nosses and stringers Finer-grained soil will typically exfaftnt a

greater amooot of residual saturation.

If the volume of DNAPL b sufficiently large and exceeds the retention capacity of

the limit*"***1 zone, the DNAPL can flow into the saturated zone. In Ibis case, the DNAPL

have BifficifBt driving fluid pressure force to overcome die pore pressure existing

i groundwater and the porous media in order to penetrate the saturated zone. Only

then can the DNAPL progress downward through the saturated zone, <i*«plMr"g and «nJ^"^

the gronadwaier in its path. The residual saturation will exist as droplets of DNAPL within

die porons. saturated media. Residual saontkn values are higher for the saturated zone than

for the unsatucated zone—reaching a ""•*<•••"•> value in porous media wiU» a hydraulic

Wry of Ix 10^ otfsec (ScbwiDe 1988). DNAPLs wUl have great difficulty

ata with hydraulic conductivities of less than approximately 1 x WT4 m/sec.

i with a continuous sonrce of DNAPL. The continuity and onnialion of such inhabiting

layers have a 4hrect effect on the dbtiiaiuon of the DNAPL in the lubiuifirf such that

pooled or residual DNAPLs in the labinrfact may be located at a considerable lateral distance

from the release location on the snrtace. ff me DNAPL progresses tome bottom of the

I the initial release b large enough to exceed the residual satin at km values of the

I and MUti*"*1 zones, the DNAPL will pool at the bonom, essentially i

layer, and spread IsteisJry to nw exam t

The ""TtTfif DNAPL in the unsatnraied and latuiated zones and the pooled DNAPL

atntebottiaofligaquilerareaiaspemofa n«naiiana-

tion. k u mis r^nt^* source that wffl have significant implications on the groundwaaer

coaxannantion pattern. AUnngh DNAPLs are not anscMe widi water, contaniinanrs from the

DNAPL sonrces are drawn into solution by nrfBrraring aquirer recharge;

ihrr* contannnants. however, are fffitrrni if ever ucltcied ctost to then"

It has been ctiimand mat me fraction of total pore space containing DNAPL rypkalty

fiont 10% to 20% in wiM*""*"*1 sous and 15% to 50% in sattnated sons rarongh
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which a DNAPL has traveled (Mercer and Cohen 1990). This indicates that a sizable volume

may remain in the area of the initial DNAPL source. In the groundwater, soluble portions of

the residual DNAPL will be leached from these areas by infiltrating water or moving

groundwater and travel by advection. Chemicals that compose DNAPLs are only rarely

found in groundwater at their solubility limits because of diffusional limitations and

dispersion. Concentrations as low as 1 % of the chemical solubility may indicate the presence

ofaDNAPL(EPA1992a).

5.1.3 Sorption and Retardation

Sorption of aliphatic chlorinated hydrocarbons is primarily dependent on the fraction

of soil organic matter in the aquifer. In addition to organic matter, residual petroleum oils

may also serve as a sorptive medium for organic chemicals (Boyd and Sun 1990).

The organic carbon partition coefficient (K^ is a chemical-specific measure of the

tendency for organics to be sorbed by the organic matter found in soil and sediment and is

expressed as:

_ mg of solute aorbed on organic catbon/kg organic carbon .— ,
~ " mg of sorate/L of solution t"f

values for the compounds listed hi Table 5-1 range from 8.8 to 152 with higher

values indicating greater sorption potential. Generally, it is expected that sorption will be an

important transport process affecting the subsurface migration of the chemicals of potential

concern on site.

Sorption is often described in terms of the distribution of the chemical between the

groundwater and aquifer materials. The distribution or partition coefficient (K<j) of chemicals

having solubilities no more man approximately 0.001 mol/L (Domenico and Schwartz 1990)

is often described using a linear Freundlich isotherm (Karickhoff, Brown, and Scott 1979)

where Kj is defined as:
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sorted on the solid phase/kg of solid phase _ $ _
mg of cottte/L of sotodon

Values of Kj will vary for each chemical with die composition of die sorbing media.

Since the orgaak carbon content of die aquifer has a significant impact on sorptian. K^ is

for the amount of organic carbon in the soil (Karickfaoff. Brown, and

Scott 1979) such that:

, where f * ine weight tncoon of

The Butiiuo of organc carbon was measured in four samples nWlrclcd from the

meriab. ranging in depth from 7.S to 24,5 feet DCS, *"'̂ g the

! II iamagjuoo (see Appendix B for analytical data) (E & E I991c). Sampk resoks

mdimed rhni the carbon ctMtni of the subsurface uoconsolidaied materials varied from

0.30% to 2 J8%, or an f^ of 0.0030 to 0.0238, respecovdy. Using K^ values given in

Table 5-1 and the •acaiured mJnsiBMi and nuiimim range values for f^ ^i^^^^f K^

vasnes were the expecnd low vames typically associated with glacial material and ranged from

0.026 to 3.6 fltUg for roofcykw chloride and TCA. respectively.

When no sonte is sorbed to the solid phase, K^ is equal to zero, and it woold be

would move at die same speed as the groondwaKr. Kj is used to

tardation (R|) of a chemical with a linear eouUBiriMB patilioinug «the

can be
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pK K,
R, - 1 + ̂ —- [Eq. 5-51

n

Where pj, = ps (1 - n) = bulk density and n is tout porosity. The total porosity is

assumed to be 0.4 for the unconsolidated glacial outwash material (EPA 1983). This vahie is

consistent with the value chosen for effective porosity (0.25) hi Section 3 (EPA 1983).

A range of calculated Rf factors is presented for each of die chemicals of potential

concern on site in Table 5-2. These ranges were developed using low total porosity and high

organic carbon content (these assumptions are conservative with respect to estimates of the

mass removal rate through natural attenuation, i.e., a higher Rf factor, increasing the time

required for the chemicals to leave the source areas) and using high total porosity and low

organic carbon content (these assumptions are conservative with respect to the estimates of die

time required to reach sensitive populations, i.e., a lower Rf factor, decreasing the time

required for chemicals to leave the she). Values range from 1.1 (for methylene chloride) to

23.4 (for TCA), indicating that the aliphatic hydrocarbons present on site may be traveling at

90% (1/1.1) to 4% (1/23.4) of the rate of groundwater. Using a low organic carbon traction

(0.003) and moderate total porosity (0.40) assumed to be typical for the predominant

groundwater flow parns hi the unconfined aquifer at the site, retardation factors of approxi-

mately 2.5 were calculated for the two major chemicals of potential concern (CC14 and TCE)

detected on site (see Table 5-2). The low organic carbon fraction was chosen because of the

likelihood that it is representative of the sand and gravel aquifer material that composes the

zones in the aquifer in which die majority of groundwater flow occurs. A retardation factor

of 2.5 implies that contamination will travel at 40 percent of the rate of groundwater.

5.1.4 Trawfonnation Reactions

Hydrolysis and oxidation reactions are generally not a major factor affecting

chlorinated hydrocarbon contamination in groundwater systems. Chlorinated methanes (CC ,̂

CHL, methylene chloride), chlorinated ethenes (PCE, TCE, dichloroethenes [DCEJ, and vinyl

chloride), and TCA undergo sequential reductive dehalogenation under anoxic conditions as

reported by Smith and Dragun hi 1984 (see Figure 5-1).
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PCE in anaerobic soils IBS been shown 10 be slowly transformed through a scries of

bkxic and abiotk reactions ID TCE. I.l-DCE. 1.2-DCE. and vinyl chloride (Bouwer ind

McCaity 1963. Vogd and McCarty 1985). Anaerobic biotransfomaatJoo of TCA to I.l-DCE

and l.l̂ fehloroemane has also been observed (Vogd, Griddle, and McCarty 1987). Vinyl

chloride may fre*"!"'1** as die final product of this process if other carbon sources are

preset* (Vogd and McCarty 1985). but. in die absence of such sources, vinyl chloride may

be farther degraded and albmatdy mineralized (Parsons. Wood, and DeMarco 1984; Kfcopfer

ttaL 1985: Wilson aal. 1996). The rate and extent of transformation reacbons are highly

dependent on saw-specific factors such as nutrient availability and mftcrobial composiiion of

the aofl. In giuuodwater systems, bh î̂ ufcnuutioo processes are generally i •"•*•"! to the

upper 20 feet of the «• mifiued aquifer became that is where die highest oomtuujtiuus of

1 popuhnooj are usuafiy found.

snE-SRCinc FATE AND TRANSPORT MECHANISMS
The genual processes and mechanisms rtunmed previously are applied in this

subsection m order to pmcut a tsw-tpccifir aualysu. The nature and extent of <

in the study area and die chemical data are more fofly i

•• Chemicals ot POtaanal'

of chemKal travel time in giuuudwater, contaminant

SIR. ti'mmig to die nver. and rate of uaunal adennacion.

SJ.1.1 Trawd

CorttHnHBiiiMi has been ihtrmil in die homeowner welb since as early as 1986 (Roy

F. Weston 1986b). Ci mania ttri itmfilim in dw Charles Avenue irsiilnaial;

! in 1987 tor dK Feeriett-Midwcst. me., pumping test The*

: test (388 ppb CC^ and 2.495 ppb TCE) (Peerless (no date]) are not

: dun die results obtainnd from die RI/FS ""•J*'BMT*'"

and TCE cmananng from die nlfia'ifif.d source areas and extending to die St.

of appranmatery 12.000 feet.
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Since groundwater travels in the range of 10 to 2.000 feet/year at the site, it would

take approximately 1,200 to 6 years, respectively, for groundwater from the source areas in

the Conrail railyard to reach the St. Joseph River. If CC14 and TCE were not retarded, then

it would travel with the groundwater through advection at the rate of groundwater flow.

Carbon matter with available sorptive capacity in the aquifer materials would allow

sorption, resulting in slower travel times for chemicals dissolved in the groundwater compared

with groundwater travel times. It is estimated that CCI4 and TCE will travel at approximately

40 percent of the rate of groundwater in portions of the aquifer where organic carbon with

sorptive capacity is available.

The estimated travel time for chemicals to migrate from the source areas to the St.

Joseph River would range from six yean for unretarded chemical transport through higher-

conductivity portions of the aquifer to almost 3,000 years for retarded chemical transport

through lower-conductivity portions of the aquifer.

5.2.1.2 Contaminant Mass

The site hydrogeology indicates mat the groundwater in the unconsolidated aquifer

materials follows a flow path with downward and horizontal components. Near the St. Joseph

River an upward component of flow is observed in nested wells as groundwater discharges to

the river. Groundwater samples indicate mat all depth intervals of the unconsolidated aquifer

have detected concentrations of chemicals. This suggests that in the source areas, residual

DNAPL may extend the full length of the aquifer. Horizontal groundwater flow paths at all

depths will have the potential of passing through residual contamination. The observed

variability in groundwater contaminant distribution supports the hypothesis mat a tortuous path

of residual DNAPL extends to a significant depth in the unconsolidated aquifer materials.

The total mass (My) of chemical remaining in the aquifer as contaminants in the

groundwater and sorbed to aquifer materials can be estimated as:

MT - RjC n V [Eq. 5-6]

where Rf is the retardation factor, C is the concentration of the chemical in the groundwater,

n is the total porosity, and V is the bulk aquifer volume (EPA 1989a). This relationship
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ntntkn of the chemkal in the groundwater is less dm half of the

Any manned mass of residual DNAPL would need to be added

to the total mass of die chemical as estimated through the mjnarinn.

The current plume configuration has been delineated by analytical data «*̂ "»«i from

granadwater samples coikcaed from nested wells and LSA data. These data indicate a wide

•atiation in fhrnaVal caocentraDons anrasKred in ground water. The range of variability and

die fm* of die CCJ^ and TCE phuurt are similar. For die put poses of dns estimate, it is

I that afehongh these two phmif i are not congruent, die i

widun each phane u die same. The dimpminm i

3.000 feet wide, by 12.000 feet long, by 125 feet deep, or approxknahdy 4 5 x

I09 n3 (I 274 x I01' ten) in tat.

The variability of die chemkal concentrations within die phne over which the

: to obtama weighted average. A simpUrkdestiinate of fe totaldtemicalinass indie

is obtained by stanming fte mass of chemicals in each volume, as shown in Table 5-3.

a^Of nVlnf UHDOnwOO tttUBnmlC K ftt nnttttDnfiO Olam* DftC W6UHBOQ 8VCfnUB6 OOQCdCHOOO lOnT W-̂ w-1^

and TCE is the same. The comcmialiiiii for each vorome fiacUon was apptoiimniBd from

LSA tMjilmj and moaiiDong wcM samplimj results At 1 274 x 1011 Inetsmsor, 80

oerceni of te total phaw'svohnne contain conwnm^^ The estimate in

Table 5-3 shows dm the majority of me total mass of chenik^ ttcxjntamedinO.il percent of

The ksghest TCE concentntkn detected was 15.000 pg/L.

! of TCE mctaao 001 percent of Che aqojfer at 100.000 «/L TCE. CC^ has been

i kevd. but TCE has not. Thb assumption for TCE it conajenuted by die Can

u»tTCEisohanr>edtDOcc»fyatarger nnhnai than CC14 for dg 1,000 «g/L to 10.000
gm - -j ^^ .̂̂ ,— BAAA^I — «av^ «*^*ArfJ - •- ^' tftuM -g «?^ • _ _• « - ~* - _ •

aVKTaw GOHDi^nmtlnUDD ••mmBC* D^nWH OH UBC N9BCQ nT0QDBlQODBi« Ifllaf UHDlaaQDDI vBlCBnmmmuHi D

jnstified to give a reasonable estimate of die dissolved and torbed mass of CC14 and TCE.

todK

aaateriab is estiajsaed at 4457.000 gams or 10,000 pounds each, for bom 004 and TCE.

The rcnnm of Ifab catenation fedircttry Aswas

i in Table 5-2. dris pai nnrtrr may be highly variable. The mast of CCl̂  and TCE in
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the groundwater and sorbed to aquifer materials must be added to the residua] DNAPL

trapped in the aquifer material.

The estimated mass of residual DNAPL can only be very generally approximated

because the spill volume is unknown. An estimate is needed because groundwater analytical

data imply that residual saturations of DNAPLs, CC14 and TCE, are present in die aquifer.

Assuming that residual DNAPL remains in 15% of the total porosity (estimated mean value of

0.40) of the saturated unconsolidated glacial materials on the site and that the DNAPL's

downward extent after a single spill event is primarily within an area 10 feet by 10 feet with a

depth of 125 feet, then potentially 750 ft3 of DNAPL is present for each compound.

Assuming an estimated 100 pounds per ft3 of DNAPL indicates that residual DNAPL may

contribute 75,000 pounds (34,020,000 grams) of contaminant mass on the site for each of the

two compounds. Since the actual volume of the initial spills and the volume of residual

DNAPL is not known, this approximation may be hi error by several orders of magnitude.

The total mass of chemical in each of the plumes would be approximately 38,577,000

(4,557,000 4- 34,020,000) grams or approximately 85,000 pounds.

A mass of 85,000 pounds is equivalent to approximately 6,800 gallons of DNAPL.

This volume is consistent with a volume that could be released from a single tank car spill

and with the size of some of the past spills recorded at this site.

5.2.1.3 Chemical Loading to St. Joseph River

The current plume configuration has been delineated by analytical data obtained from

groundwater samples collected from wells and LSA data. These data indicate a wide variation s~x"

in chemical concentrations at the northwest edge of the site as monitored by downgradient

well nests MW43, MW07, and MW08. and monitoring well MW09. Measured concentra-

tions hi these wells and nearby LSA data range from non-detectable to 820 pg/L for CC ,̂

and from non-detectable to 1,100 /tg/L for TCE. Assuming that the flux of chemicals that

passes through a cross-sectional area monitored by these downgradient wells is discharged

completely to the St. Joseph River without loss or gain of chemical mass, then the data

collected from these downgradient wells can be used to estimate the present loading of the

chemicals from the plume to the river. The LSA sampling results can be used to extrapolate

the monitoring well analytical data through the vertical extent of the aquifer.
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The plume cross-sectional area where chemical flux b estimated is a plane oriented

^p—Hir..i«r ID giuuuJwauu flow approximately parallel to MW43. MW07. MW08. and

MW09. The flux is fimaaird dutngh a phone width of approximaKly 3.000 feet and a depdi

of approximately 125 feet (i.e.. a rectangle 375,000 ft2 in size). Assuming die mean values

used in previous ettianatri. an average hydraulic conductivity of 70 ft/day and hmiipiaal

(i) of 0.002 ft/ft, the vobme of grooodwater passing dHough this

i and dndargng *o d* SL Joseph River a 52,500 ft3/** (oc 1.500.000

InersAtay) (discharge bQ. where Q - KAi - (70 ft/day) (375.000 ft2) (0.002 ft/ft)). Tins

: • sensitive to die boundary condnlom used to formate dK calculation, and to UK

I ID OBCHtC QB6 ConvCsnnHnOOO* I^Of CXnVBDl£» (06 VCvQCBGG DlnnntC Unnnv K QCsflDfid

• wdl scats next *> dK SL Joseph River uses die analytical i

i as a basis for *e concentrations of 004 and TCE.

kwiedl^fenppadiettn^meseweibbdw^

MWSO. If die asaocsHed conecnnations at dni new location are asnouaod so discharge 10 die

tto.teuuuatrttotd^to&ttovmMmacmebymortaaSi

i is alsodmoty dependent upon tevakie of tebydraulkoan^ Thei

: far thehydnnac condncnvn^y cocresponds to dK gtfHntutL nem of E Jb E Phase H

As shown in Table 3-3. dK range of die Phase n slag test renks is

I Of OBflBK OOC OfOff OC flMHEDItQOC* 1IUS ^VOQiO tFunflnvnn'16 uttOQfl^l IDC OOK

! of pnu or uiiniii one order of magonnde.

110 die St. Joseph River, die variabflity of dK

• 375,000 tr cross-sectional nrea of dK phune over which

[Birf nnuim^ to areas of UK cross-section to

The caonnae of dx chemical loading • obtained by sonnuogthe

i si nK water dm passes through dns i

t of dns cakabdou may be a value dot is biased low

ndnded. The esnnwKd kwnng from dK sne to die SL Joseph Rhcr is 20 ponds of TCE

and 20 pounds of CQ4 per year.
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Water samples collected from the river during the Phase III Rl did not reveal

widespread contamination comparable to the groundwater contamination. This may be a

reflection of the greater number of transformation processes operating in surface water

systems compared to groundwater systems. In addition, the St. Joseph River has a discharge

of 3,251 ft^/sec (or 7.95 x 109 liters/day) (Stewart and Deiwert 1992). The relatively large

discharge rate of the river suggests that dilution, a factor of 5,300, is a potentially dominant

process.

5.2.1.4 Natural Attenuation

The estimated mass of dissolved CC14 and TCE remaining in the aquifer and the

loading rate to the St. Joseph River can be the basis of a conceptual model used to estimate

the time required for the dissolved contaminant mass to be discharged to the St. Joseph River.

Assuming that equilibrium conditions exist across the site, current loading rates would be

expected to remain relatively constant until the CC14 and TCE have been removed. Assuming

that the combined loading of CC14 and TCE to the St. Joseph River is 40 pounds per year and

is the only removal mechanism for the dissolved contaminant mass, die duration for removal

may be estimated. The dissolved contaminant mass can be calculated using the following

equation:

MD - C n V,

where C is the concentration of the chemical in the groundwater, n is the total porosity, and "^^

V is the bulk aquifer volume (EPA 1989a). The calculation may be performed using the same

methodology shown in Table 5-3. This yields a combined dissolved CC14 and TCE mass of

8,000 pounds. At a rate of 40 pounds per year it will take approximately 200 years to

remove the dissolved CC14 and TCE from the aquifer. This conceptual model ignores many

important factors that pertain to the entire existing contaminant mass. These factors would

increase the time elapsed for natural attenuation to occur. They include the existence of

pooled DNAPL, the existence of residual DNAPL, the amount of CC14 and TCE adsorbed to

the aquifer material, and the amount of CC14 and TCE in the vadose zone (either sorbed or

present as residua] DNAPL).
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An additional cuufptuil model could be used to estimate the rime required for the

: mass to be discharged to the St. Joseph River. This modd would involve

fimm locations thai ire opgradknt of the site to the river.

The conuanam-free groundwater would aa to desotta contamination from aquifer material

by vvfE'liP'""«iy introducing fresh groundwater to the site. A calculation designed to estimate

ike tine elapsed to remove die ^iB|*->Tniiift|nn would be extremely sensitive to die retardation

factor nod giouul water velocity vanes rhrtmt. The ranges in these panmeten have been

presented • TaWe 5-2 and Table 3-3. respectively. Assuming a groundwater velocity of 200

feet per year and a retardation boor of 2.5, die time required for die center of mass of

i to travel across dv study area is 145 yean. This estimate for nanml

i is based on die same assumptions as die first conceptual modd and is also biased

low for the sam

Daughter prodncis of 004 and TCE consistent wim the anoxk icdncdve

i processes du>wu in Figure 5-1 are dcicOcd in many of die

For example, 170 Mg/L of 1,2-dicUoroediene (total) was detected in

MW41D-02 and 15.000 rt/L of TCE was present in dw same sample. A cuorniiaika of

IW^g/L of CHL was dettded • MWMD-02. and 3.200

CHL was detected more fimumly dian 1.2-dichloroethene (total). This may mdkaB dot

bjgb oonoenoations of CCl^ ace not necessary to initiate a unall percentage of liantfiTiinaiifm

to CHL. llirtijli M chloride, Jmrtrni in MW46S-01 at 30 pg/L. b a il«sj«ri product of

of CCL, and TCB at the same locations. The daugfata ptuducu and parent
_n -••_«—• •-•- -• • •—-* * •••iiSrti —in m>— — — —— -» -* - • • _ _ • _ _ • a|•R SH •vapttiic caunrnVDa •yuiounxMH, wmcu wiu DC tnOmpQciM uunuiiy n me

IHaw amî ^B^* Va^aX IBA^KMIKaHBlPJll I* In • IH iiug I
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Table M

PHYSICAL AND CHEMICAL PHOPEBTIES OF CHEMICALS OK POTENTIAL CONCERN

ChMdcalNaoM

CwtM
mradUofkfe

CUOfMMA

1,2-Dickbroahett
CTottO
»* -.*. •MCMywac
Cktorid*

TetncfcferaftMi

I.I.I-
Tricktoraaluae

TrirfclnrniOm

CAS

56-23-S

67-46-3

540-594

7549-2

127-IM

71-J5-6

79-OI-4

(Mi
WtfcU
IftaiM)

153.1

119.4

97.0

•4.9

165.1

I3J.4

131.4

P**ri

2t»C

U*rid

U^M

LiqcJd

Lkwidta^fvlv

Uqvid

U^iU

Uquid

WMv
SriHMky
*^U

1.00 E -HO

1.20 E+03

3.50 E+03

2.00 E +04

1.50 E+03

1. SOB-MO

1. 10 E+03

S»M>c«

H

I

B

H

B

B

B

LK-U
«tet)

M9

1.49

I.2S

1.33

1.63

1.35

1.47

Sourc*

A

A

C

C

C

C

C

Va»*r
rria.tr
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SIMPLIFIED ESTIMATE OF CHEMICAL MASS REMAINING IN AQUIFER
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6. RISK ASSESSMENT
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6.1 CONCEPTUAL SITE MODEL

A conceptual model for the site is presented in Figure 6-1 for current and potential

future site conditions.

6.1.1 Current Site Conditions

Currently, most of the railyard is covered with railroad tracks and track ballast. A

few structures are scattered throughout the facility. No Trespassing signs posted around the

site are the only means of restricting visitor site access. Since there is very little exposed

soil, and given the volatile nature of the contaminants detected on site, exposure of on-site

receptors to surface soil contamination by direct contact is unlikely, and will not be evaluated

in this HHE. On-site receptors, i.e., workers and visitors, however, could potentially be

exposed to contaminants through the following pathways:

• Direct contact (dermal contact and iiKUffflil ingestion through hand-
to-mouth contact) with contaminated subsurface soils;

• Inhalation of vapors emanating from die ground surface as a result of
volatilization of subsurface contaminants in site soils and ground-
water.

Chemicals that have reached the groundwacer can migrate with the groundwater,

potentially affecting downgradiem wdls. There are two distinct plumes of contaminated

groundwater migrating from the Conrail facility. The first phone (Frame 1) originates in the

west central portion of the facility and is migrating north and west of die facility, whereas the

other plume (Plume 2) emanates from the eastern portion of the facility and is migrating due

norm. Residential areas affected by contaminated groundwater in Plume 1 include: the

County Road 1 residential area, the Charles Avenue residential area, and the Vistula Avenue

residential area (see Figure 1-1 for the locations of these areas). The LaRue Street residential

area (Figure 1-1) is the primary area affected by Plume 2. Residents with private wells in

any of these areas could be exposed to groundwater contaminants through domestic use of

groundwater. Potential exposure pathways for dwse residents include:

• Ingestion of drinking water.

6-2
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Denial contact while showering, and

Inhalation of vapors white showering

*'T in die residential areas could also be exposed to cooaoananrs through

PC to vapors in their homes. It is possible that VOCs detected in grouudwaier could

volatilize into die surrounding porous soils, eventually migrating into tubsuibce i

(basernents) and nilitr<arnly inn die whok bouse.

Groundwater contaminants nay eventually reach die surrounding smfacc water

bodies. The groundwater beneath die nilyard migrates north to die St. Joseph River and

uadiwm to Baogo Bay. These wawr bodies are used for recreational purposes. Swimm

tBTOIUED uC^KQsU COflUCt Ulu py MUUQOB OK SQ^dOC W9tCf

occurs in die nver and die bay. In addition to dirrrt firnfarr with *>>>*']*T'

by cousnuung dmr catch. Nearby

i likely to be die most ftconent recreational users of

The facility has been used as a raityard since die 1950s, and is expected so be used in

dns sane capacsty in die furure. Given die economic imponance of die radyard. it is

CJUinudy •Bhety diat the yard would be convened to residential or any oiher soore sensitive

dx> tacauty dian diey are prescndy located, which in some cases is across dke street from die

The HHE portion of dns risk assessment has been prepared and <

acxauance wirh EPA's Rut Auutmtm GMmrrfor Supajmd Voimme I: HmttmHealA

Eionanto Jfaanaf (EPA 198%). and other related or supplemental pmlnarc The ecotogic

risk mtiun is prepared and organoed in aocordaace wirh EPA's Kst *

far Shyujisnl. Vottm* U Emmmmattl Etatmatum Mama! (EPA 1989c).
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The risk assessment is organized as follows. Sections 6.2 through Section 6.5

delineate the HHE. Sections 6.6 through 6.11 present the ecological risk assessment.

Section 6.1 discusses the site background and the human health conceptual site model.

Section 6.2 reviews the site characterization data available, including sampling and analytical

methods and data limitations, and identifies the chemicals of potential concern (COPCs) at the

Conrail Site.

Section 6.3 assesses the potential exposure of human receptors to me COPCs. The

potential exposure pathways are reviewed and exposure estimates are derived, taking into

consideration the site setting and various site characteristics.

Section 6.4 provides toxidty assessments for the COPCs at the site. Toxicity

assessment methodologies are reviewed and a brief discussion of the lexicological properties

of each chemical is provided, along with tables summarizing the quantitative indices of

toxicity for the COPCs.

Section 6.5 integrates the exposure and toxicity assessments from Sections 6.3 and

6.4 into an overall HHE. The primary potential risks associated with the site are identified,

along with the pathways and chemicals giving rise to those risks.

Sections 6.6 duough 6-11 detail the ecological risk resulting from site-related

contaminants. These sections discuss the selection of contaminants of concern for ecological

risks, the lexicological properties of diese chemicals, and the potential ecological receptors,

and finally present an evaluation of the risk to ecological receptors by integrating the

information presented in earlier sections.

6.2 IDENTIFICATION OP CHEMICALS OF POTENTIAL CONCERN

6.2.1 Date CoOectioii

The objective of all three phases of the RI was to characterize the nature and extent

of contamination associated with the Conrail Site, as well as the site topography, geology, and

hydrogeology, in order to identify and evaluate potential migration and exposure pathways.

The investigative activities carried out to achieve this objective are described in

Section 2 of this RI report. Environmental samples collected during the three phases of the

Conrail RI/FS include: subsurface soils from the facility in areas of known or suspected

contaminant sources; groundwater samples from monitoring wells installed during the three

6-4

0149



Coral MAPS
Rltepon
Scam 6
Rcv.O Much 31. 1994

phases of die RI/FS: and suffice water and sediment samples from Baugo Bay. die St. Joseph

River, and die Conrail ponds (located sondi of die classification yard). A 'fmw""" of what

were aualyied for can be found in Section 2 of dus report. The

ryzed using EPA CLP protocols as specified in die Phase I Conrail Site

Quality Assurance Project Plan (QAPP) (E A E 198%) and die Phase 0 and ffl Addenda to

theQAPP(E * E 1991b. I992c. respectivdy)

in aaabieni air and •door air (piirate hones) based on

> sou conceflnsooaB. t^ryvical parameters measured UBRBB die Rl, SBCD as sod

I oseo IB iDe mofleisM caiGBiatioBs î iOQeis ^vere vsed to ttODBite tie flux

of coBTDBBBBBnt vjfiois utMB die fTowo to aMMcot air. and a dtspcmon •odel was osed so

in boriB| logs were used to

(NOAA) Stabflhy Array (STAR) data

oBBliry i«»ut«je/Quaiiry coatrol (QA/QC) procedures. The specific mednds used are

I ia*e RI/FS Work PlaB*(E A E 199U. 1992b)aod in Section 2 of dwRI report.

iVa

Rl sanapks were perforated using mediods and QA/QC procedures

!BiB*E?A-anprovt«lsBeQAPPi(E & E I989b. I991b. and 1992c). Analyses

CLP laboratories Data validation was perfcraaed in aocotdanrr wit

EPA a naacoonal guaKnaes far cvatnataag orgaaac and inorgaBtc analyses (EPA I988a,

19Mb. lespactivety) by EPA. The coocaanoo of die data ojualtty nvitiv'

I m ooBBpatance wnh nie specific mediods (cucepi as noted tor specific
E -* m^£m DV ^^^M.M*\ 1 .AK^* ••». ^ î»l̂ «M^Hl «^^H^^^ ^^^MME ot DBS KI report), ano mat me Bsarytscai resuns wen
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For the purposes of the human health evaluation portion of the risk assessment, data

from all three phases of the RI/FS were evaluated to determine potential risks to receptor

populations. Specifically, data bases of groundwater and subsurface soil sample analytical

results from all three phases in the investigation were compiled to evaluate potential risks.

6.2.2.2 QuantiUdon Limits

The data set used in this risk assessment combines the results of the three phases of

site investigations conducted since 1989. Sample detection limits varied among samples and

investigations due to differences in sample specific conditions and, in some cases, changes in

the analytical methods used, as mandated by changes in the CLP laboratory Statement of

Work (SOW), under which the contract laboratories operate. In accordance with EPA RAGS

recommendations (EPA 198%, c), the adequacy of (he detection limits for soils/sediments and

groundwater/surface water was evaluated by determining die risk associated with the lowest

detection limit for each matrix.

Table 6-1 presents the typical sample detection limit or range of typical sample

detection limits achieved for each chemical detected at the Conrail Site along with the

corresponding cancer risk value and for nohcarcmogenic compounds, the hazard index.

Detection limits corresponding to a cancer risk greater than Iff6 or having an associated

hazard index greater than 1.0. have been flagged in Table 6-1. For soil samples, the risks at

detection limit concentrations were lower than the EPA risk levels. This indicates that the

detection limits for soil are adequate for risk assessment purposes.

Groundwater sample detection limits for a number of chemicals, mainly carcinogens,

exceeded the corresponding EPA risk levels. This indicates that these detection limits may

not be entirely adequate for evaluating groundwater used directly as a residential water supply

source. Significant risks could exist, but be overlooked if these chemicals were present in

drinking water at concentrations below but approaching their detection limits.

6.2.2.3 Data Qattfien

Several types of data qualifiers are associated with a number of me analytical values

reported and validated by the data evaluation process. The most commonly encountered
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qualifiers, their m»«»ni« and their effect on the use of the data in the ride i

suHvnanzed in Table 6-2.

to accontaoce with the RAGS maaoal (EPA. 196%). if an anatyte was found in a

blank (B flag lor organic*), values for the corresponding samples were •fh«*^< in the risk

: outy if the sanple value was more than 10 times the blank value for i

laboiatory contaninaaa or more dun five tones die blank value Cor odier compounds.

Estanafed values (E and J nags) and imprecise values (N. W, and * nags) were used

became they are the best avaaMble esrjBMats of the true u>m>Hinnoni present. The use of

* _;—1-_ « -- - • •— • _^^^ - • - !_• - ^»m m^ — .» * _ *• » _ _ _ *n nsn OBUBITO Vf usaig nenv. wnKn wau oe noiea n (atscnssatMi of i

medqrkoe cfcteide were found

ofdKblairia. bthevatidateddata

cMonde. Whoi mcdiyicBe cfalonde w

by sttc*fdtftd cblufofcci
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Background Conccntradons

Volatile organic compounds usually are not naturally occurring chemicals, and are not

generally found in samples from uncontanrinaied areas. Therefore, any VOCs detected in the

background samples are from man-made sources. The only VOCs detected in the background

groundwater and soil boring samples were laboratory artifacts, and were not addressed further

inthisHHE.

tU.2.6 PMvieas and Cornet* Phase Data Repotting

Monitoring wells were installed and sampled during all three phases of the Conrail
Site field investigation. As a result, most Phase I wells were sampled three times. Phase It

wells were sampled twice, and Phase ffl wells were sampled once. The sampling techniques

used to collect the groundwater samples and the analytical methods used to analyze the

samples were comparable throughout the three phases: therefore, monitoring wdl data from

all three phases of die investigation were used in this HHB. To eliminate the possibfliry of

weighing the data from the earlier-phase wells heavier than die later-phase wells-«ince the
earlier-phase wells were sampled more tunes than the later-phase wells-data from each

individual well was averaged to derive only one value for each chemical for each well. If a

specific compound was undetected (flagged with a U) during one sampling round, and there

was evidence chat the compound was present in the well (i.e.. it had been detected in earlier
or later rounds of sampling), one-half the SQL was used in die averaging calculation.

Soil boring data from all three phases were also used in this HHE. However.no

averaging was necessary since data were not collected from the same boring more dun once.

For purposes of (his HHE, only contaminants detected in soil samples collected between 0.5

feet to 12 feet BOS were evaluated. Contaminants at deeper depths are unlikely to directly
pose rteb to human health. Also, contamination in deeper soils is indirectly evaluated via the

groundwater pathways.
«

<.11.7 Stlftrtion of Chesnfcais of Potential Concent

For die HHE, COPCs were selected based primarily on their site-wide frequency of

detection and the levels at which they were detected. Tables 6-3 through 6-5 present the

frequency of detection and the range of concentrations delected for each volatile chemical

6-8
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detected in subsurface soils (0.5 to 12 feet BGS). groundwater, and surface water and

sediments, respectivdy. As explained above, only CLP data were used in die COPC selection

process. Chemirah detected at tow frequencies (i.e.. detected in less than 5% of die samples)

or at low concentrations (based on a qualitative comparison to toxkky values) were r

from further conskkrabon in the risk assessment because they are not representative of site

conditions and are unlikely to contribute significantly to overall risks at me site. However, no

chemkaJs were eliminated dm are considered carcinogens, primary coataminants. or

degradation products of these conaminano (see Figure 5-1), or diat constituted a hot spot of

6JJ Tuamawjj nf ilnnljllrai EIH*II anil Piianli ah nf I

The VOCs identified in various environmental media sampled during dace phases of

dae Conratl Site field investigation are summarized in Tables 6-3 rhrongh 6-5 as follows:

• Soils (0.5 to 12 ft BGS) - Table 6-3:

• Gtoundwaiei • Tank 6-4. art

• Surface water art Sedimrnrt - Table 6-5.

The tables present die frequency of detection and die range of concentrations detected

for each chrmiral. The data are reported in these tables without laboratory or data validation
lace they are die tot i IIJHIMI i nf the true cnnr««rMi.i« rf it^ rti^n^h ^jftwifd

list of tte data wift qualifiers, see Appendices B art E of dm report.

For yuanuwasg. me detection frequencies shown in Table 64 are based on the total

of welb sampled, which is 64. although generally three sannks were taken from

I weH*. two samples bom Phase 0 welh, and one sample from Phase in wefis. If a

w» observed more than once in a well, it was recorded as bemg rirtmtd in that

The chemkais detecsed in sise soib art groundwater

Section 6.2 .̂7 in order to select COPCs. Nen to each chemical name m these tables is a

faomoK marker that deiignasa it as a COPC or explains why the fli*nm*l was ciannated.

COPCs in site sotf and giourtwatu are summarized in Table 6-6. Off me mree graurtwater

6-9
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COPCs that are not soil COPCs (i.e.. chloromethane. 1,1-dichloroethane, and 1.1-

dichloroethene), none was detected in any subsurface soil sample (0.5 to 12 feet BGS).

Generally, the chemicals detected in surface waters and sediments are subsets of the

chemicals detected in site soils and groundwater. The risks from exposure to these chemicals

are minimal (e.g., less than 5 % of the total risk) due to the low concentrations detected and

the toxicity values of the compounds detected. Therefore, they were not evaluated in the

HHE.

6.3 EXPOSURE ASSESSMENT

63.1 Physical Setting

The physical setting of die site is described in detail in Section 1 of this RI/FS report.

Potentially Exposed Popullotions

Most of the classification yard is covered with railroad ballast (approximately 2 inch

diameter crushed stone) and tracks, and only small patches of soils are exposed. This, in

addition to the fact that the COPCs are volatile and have little residence time in the surface

soils, results in facility workers and visitors having little opportunity to come into direct

contact with COPCs in the surface soils. Kailyard workers and site visitors, however, may be

exposed to vapor emissions (volatilization) from subsurface sources, namely contaminated

subsurface soils and groundwater.

The St. Joseph River is located approximately 1/2 mile north of the Conrail facility.

Throughout the area south of the river and north of the railyard, groundwater flows towards

the river. The river may be contaminated due to this discharge of contaminated groundwater.

The river is toed extensively for recreation (boating, swimming, and fishing) and commercial

boat travel, but k is not a drinking water source in the vicinity of the site.

The nearest residences are located approximately SO feet north of the facility.

Residential areas continue from this location to the St. Joseph River. Groundwater is used in

this area as a domestic water supply, with water being drawn from the contaminated aquifer.

Additionally, homes in this area may have basements that could be infiltrated by vapors from

contaminated groundwater. These vapors could eventually disperse throughout the house.

6-10
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Under current land use conditions, die following receptors could potentially be

exposed to coouminants in subsurface soils, groundwatcr, and surface water, respectivdy:

• Facility workers and facility visitors ( including delivery people and
trespassers):

• Off-site residents including individuals using groundwattr down-
gradient from die site for domestic purposes, or having but menu
and subsequently entire homes daf are infiltrated by « •»!•?•••••
vapors from subsurface soil gas; and

users (fisherman and swimmers) of die St. Joseph River
and Bauga Bay. which are hydraniically connected to the site. Tbe
man frequent recreational users are likely to be a subpopulation of

. ,,i. . • ..;uuiuy icn

The OK is not fenced, and k is possible dm trespassers (e.g.. people walking dogs.

etc.) could ener the site. The population most likely to trespass on the site are local

fTtitfTfi't The major rouse of eqiouMe to COPCs for diese trespassers would be "*«fati«« of

vjputs. Ingesoon and deiuul absoipuuu of COPCs from surface soils are tnconplefc

pjihways one to the 0.5 to 3 feet of bafflast that coven die she. Risks pond to trespassers are

km (i.e.. less than 5% of die risk) when compared to those risks to residents via gtuunJwJier

usage and household exposures. Therefore, risks to trespassers are not evaluated fuiihci in

drisHHE.

Fomre uses of dK sin are npmcd to remain die same.

ie depiction of the pmrmial exposure pathways is shown in Figure 6*1 (the

model).

The Cbarafl facflity has been in operation since rhe mid to late 1950s; however, aerial

dial a rairoad has traversed die site since at least the 1930s. Many

have been handed in dK facility or have passed through the faculty

nflcars. Moat oMananants found in die classification yard are probably the result of

6-11
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leaks or spills of these materials. These past spill evens and other areas of potential concern

in the Conrail railyard are detailed in the RI/FS work plans (E & E I989a, 1991a, and

1992b), and were the subject of this RI/FS investigation and associated risk assessment.

The number of spills and leaks, and the total volume of contaminants released are

unknown. Information on the purity of the chemicals spilled or leaked is also not known. A

discussion of reported spills and areas of concern can be found in Section 1 of this RI report.

For purposes of mis risk assessment, and since all the sources of contamination in the

railyard have not been identified, the facility will be treated as one large source area. This is

a reasonable assumption since railyard workers may work in several areas throughout the

work day and do not generally concentrate their activities in any one area.

6.3.2.2 Contaminant Fate and Transport

A detailed discussion of the fate and transport of the major site contaminants in the

environment is presented in Section 5 of this RI report. Additional information concerning

the effects of site-specific factors is summarized briefly in this section.

The VOCs, which have moderate to bjgfa vapor pressures, low to moderate water

solubility, and little tendency to absorb to soil and sediment, are highly mobile in the

environment. At die surface, VOCs rapidly volatilize to the atmosphere. In subsurface soils

they can diffuse via soil gas to the surface or migrate downward with infiltration of

precipitation, eventually reaching groundwater.
Persistence of the COPCs found at the site is influenced by soil moisture content, soil

organic carbon content, the presence of microbiological populations capable of degrading the

contaminants, and the availability of necessary nutrients and environmental conditions for

microbial activity.
Many Of the organic contaminants reportedly undergo biotransfbrmation or bkxkgra-

dation in the soil or groundwater under various environmental conditions. Benzene and

alkylbenzenes (toluene, xylenes, ethylbenzene. etc.) undergo oxidative degradation under

aerobic conditions (Verschueren 1983). Wilson, Smith, and Rees (1986) have shown that

these compounds can also undergo reductive decomposition under anaerobic, methanogenic

conditions, although lag periods of up to five months or more may precede significant

btodegradative activity under anaerobic conditions.

6-12
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Chlorinated methanes (chloroform, methylene chloride), chlorinated etbenes

(tetracfalorethane. tnchloroethene. dichloroetbenes. and vinyl chloride), and 1,1.1-

trichloroedane undergo scoucnrial reductive dehalogenation under anoxic conditions.

according to die scheme shown in Figure 5-1 (South and Dragun 1984). Chlorinated attenes.

however, do not degrade in oxygenated water (Wilson and McNabb 1983). Vmyl chloride

may •rn"''««» as die final product of dm process if other carbon sources are present (Vogd

andMcCarty 1985). but. in dK absence of such sources, vinyl chloride may be former

degraded and ohsnately msueratned (Parsons. Wood, and DeMarco 1984: lOeopfcr a aL

198S: WBMO. South, and Rees 1986).

Tie btodegradative processes described are potential removal B&cchanisms for dK

I in environmental media at die site: bowtvei. «g»"fi« ••

: favorable. The first irquircmna for significant removal is dm a miciobial

nants is present at a sufficiendy high

I support giowdi of such a population. The native

popntatjon denssty nonnaUy dccnascs sharply with mcreasmg depth, and die

Deputation present at 30 feet to 50 feet BGS often is not large enough to make biodegradati
tstme of a cootsmo

i growth phase in a microbial population able to atflne i

source, but only if die contanMuni is present at a sufficient cnrrnatation for ani
period of nose. Even if an adeouase mkrobial popularion and a i

factors, such as oxidizing or i

•uatbeavaUbkfOTHgmrkaniDindrgratiarkwiio

i of dK necessary rondinons is lacking, particularly deeper m

Rl suggests dot biodegradation may I

at dK Conrad Site. A number of cuimuuuds sie
Ut tt^6 sjOkuVfll uCBFntQuniDOO DIO ÎBCIB Oi OCDCT

i found at ok site. Forexasople. I.2-DCEand vinyl cfakiride are degxadation

products of TCE. which itsetf may be a degradation product of tetrachlorediane: 1.1-DCAand
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chloroethane are degradation products of 1,1.1-trichloroethane; and chloroform is a

degradation product of carbon tetrachloride.

6J.2.3 Potentially Complete Exposure Pathways

Potentially complete exposure pathways under current and potential future site

conditions are presented schematically in Figure 6-1.

Under current conditions, facility receptors (workers and visitors) could potentially be

exposed to contaminant vapors emanating from the ground surface as the result of volatiliza-

tion of contaminants in subsurface soils and groundwater. It is unlikely that these receptors

would come in direct contact with contaminated surface soils primarily due to the lack of

exposed soils (most of the site is covered with tracks and track ballast) and due to the volatile
nature of the contaminants. Under current.conditions. facility workers could potentially be

exposed to contaminants by inhalation of vapors emanating from the ground surface as a

result of subsurface contamination of soils and groundwater.

Also, due to the physical conditions at the site (i.e.. the lack of exposed surface

soils), it is unlikely that contaminants can be transported off she by wind dispersion of

particulates. However, contaminants can be transported off site in groundwater. potentially

affecting downgradient wells. Currently, the groundwater of primary interest is the uncon-

fined aquifer in the glacial outwasb sands north and west of the Conrail facility. Residential,

business, and light-industrial areas surround die site and have individual private wells and
private septic tanks. An Interim Remedial Action is ongoing to provide residences down-

gradient of the facility (norm and west) with service connections to the public water supply.

Some nearby residences have had bottled drinking water or carbon filters supplied until the

Interim Rfnftial Action is complete. Residents could potentially be exposed to groundwater

contamination through domestic water usage by die following exposure routes:

• Ingestion of drinking water;

• Dermal contact while showering; and

• Inhalation of vapors while showering.
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residential exposures to site contaminants could occur from exposure to

indoor air in their homes. Vapors emanating from coouminated groundwater

volatilize into subsurface soils, infiltrate residential basements and

Groundwater from me sax discharges to the St. Joseph River and Baugo Bay. For

puTfnml exposures to site-related contaminants conkf occur by:

ingestkxi of surface water, and

• Dermal contact win surface

Local rffrfftimat fiihennen and their families could potentially be exposed to contamioana

froni the mrer and bay by:

ingestion of surface water while fishing; and

• ConHmption of fish from these WSKT bodies.

However, swimmers and fishermen utilizing die nver and/or die bay in areas that

may be affected by COPCs are most (Body local residents. These residents are also exposed

to COPCs via die pathways discussed above. The risks from fishing and swiiamiug in the

river and bay are less dun 5% of die total risk posed to these residents via all pathways.

Therefore, the recreational pathways of swimming and fishing in die river and bay will not be

in dm HHE.

receptors will likely icinaia die same as current potenoal receptors outlined

above. It it unhTcery. given the economic factors associated widi a rattyard of the size and

Tiiy""" of the Coorail facility, diat fuwre use of die Count! facility would be anything

other than at a rattyard. RaOyard workers, however, could come in direct contact with

i digging or moving sous during future excavation activities (perhaps

; to insnll or repair underground pipes or cables). Ifdrisi

that are pttauaJy below die ground surface (i.e.. 0.5 feet to 12 feet BGS). could become

and shoaU be evaluated as diough they were surface sons. Therefore, a future
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railyaid excavation scenario will be evaluated. This scenario will include the determination of

risks from exposures through the following pathways:

• Dermal contact with newly exposed contaminated subsurface soils;

• Incidental ingestion by hand-to-mouth contact with newly exposed
contaminated subsurface soils; and

• Inhalation of vapors from newly exposed contaminated subsurface
soils.

The potentially complete exposure pathways and receptors selected for quantitative

evaluation are summarized in Table 6-7. This table also lists the data and the models that

were used to derive exposure-point concentrations for these pathways.

6.3.3 Quantification of Exposure

This section describes how the quantitative exposure estimates were obtained for the

pathways outlined in Table 6-7. Section 6.3.3.1 describes how the exposure-point contami-

nant concentrations used in the exposure assessment calculations were selected or derived.

Section 6.3.3.2 describes the contaminant migration models that were used to estimate

exposure-point concentrations, and Section 6.3.3.3 describes the exposure estimation

calculations for each receptor and route of exposure.

<SJJ.l Source Media Contaminant Concentrations

Table 6-7 summarizes the exposure points and exposure pathways evaluated for each

receptor as well as die basis and derivation of exposure-point concentrations. The table also

shows that soil and groundwater data from different areas were used to derive estimates of

exposure-point concentrations.

The 95 percent upper confidence limit (95 UCL) on the arithmetic mean, or die

maximum observed value (if the 95 UCL exceeded the maximum value or if fewer than 10

samples were available for the calculation), was used to estimate die subsurface soil

concentrations used for both the reasonable maximum exposure (RME) case and for the

central tendency (CT) case (EPA 1992b). Table 6-8 lists the mMtiinuni observed soil

6-16
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concentrarions and 95 UCL for each chemical detected. Prior to detniuiiiiag the 95 UCL, it

was necessary to determine whether the dau were normally distributed. Figure 6-2 shows the

distribution of two of the soil COPCs. All subsurface soil samples (0.5 to 12 feet BGS) were

used to ni»-«ii««» the 95 UCL regardless of location on the facility. As evidenced by the

graphs in Rgure 6-2. die soil COPC concentrations are not normally distributed, which may

be due to. among other things, die presence of more dun one source area on the she.

Therefore, prior to calculation of the 95 UCL. all the soil data were tog-transformed per the

Sfplememal Guidance to RAGS: Calculating the Concentration Tom (EPA 1992b).

Groondwater "•^ff" •***""* were determined for both the RME and CT cases by

tkaumining the maimum concentration of each contaminant individually (after avc

individual well results to arrive at one value per COPC per well) hi """"""nî g welb located

in Frame I residential areas (County Road 1 areas. Charles Avenue areas, and Vistula Avenue

areas) and in moniioring weds located in die Plume 2 residential area (LaRne Street area).

This provides a timtfivMiW (hri'h ptncriivt) fiiuime of the t >m> rm Munis that residents

and woikus could be exposed 10.

The residents of neighborhoods north of die facility could potentially be exposed to
* -••*— • -• nil - I I B 7 i - 1 . I_ «lkM» rlrmnlrinm M«MA« • A 5 rail ... - - &M__ m^~ -^- - • -• -• •-•Tar<|"y-*iN>"p'1 cnemicais n nxu onnung water, wiucn ffunps nont me aouuei m me gttcnu

ontwasfa sands north and west of dte facility. Private di Hiking water welb could be "*•*******

at any depth in uhu of the phaiiM t emanaung from the railyard. Therefore, the maxunum

concentnaon detected for each COPC in the plumes was used to uunmt eaposiue from

BBT mgcsoon. denial font act while showering, and vapor inhalation while

Dranong water exposures were esnoated for residents in each plume frm*** on

oncentrations of COPC in monitoring wdls in each plane. A shower

vohtiltnriOB model was applied to die mazimnm gtouudwater i <•» naiaiions to calculate

i die shower soul.

: concentrations for each COPC were estimated using

i of each COPC detected in die shallow mentoring wdls in each

Only the concentrations from the shallow wens were used to i

votatiizaoon of die COPCs. COPCs dtteaed in mtrrmntiair and deep wefls would have

: on soil gas volanltzanon rates. Vapor migration mortfli were used to
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estimate volatilization of COPCs from contaminated groundwater through the porous soil, into

nearby basements and subsequently throughout the entire home.

Kailyard worker exposures were evaluated for the whole facility. Data from

subsurface soil borings (0.5 feet to 12 feet BGS) in conjunction with data from monitoring

wells located on the facility were used along with subsurface vapor migration and air

dispersion models to estimate the exposure-point concentrations of vapors in air on the

facility. Again, whole facility exposures were calculated since work occurs throughout the

facility, and exposures could happen anywhere contaminants are present below ground.

Dermal contact, incidental ingesrion. and inhalation of vapors from newly exposed

contaminated soils could occur during future excavations, which could occur anywhere on the

facility. Concentrations from soil samples collected 0.5 feet to 12 feet BGS were used to

estimate exposure-point concentrations for subsurface soil exposures (soil excavations).

6.3.3J Sanmary of ContamlMirt MfentiM Moddtaf Methods

This section briefly describes the modeling methods that were used to estimate

exposure-point concentrations hi ambient air and indoor air.

Each of the models described below was applied to estimate exposure concentrations

for both the RME and CT exposure scenarios. The bask input to the models was the 95

UCL on the mean or the maximum observed concentrations of subsurface soil samples

(whichever was lower), or the maximum observed groundwater concentrations. These models
are described in detail in Appendix G.

Vapor Emfadons from Sofl

Volatilization of contaminants from unpaved, contaminated soil areas within die

facility was estimated using the Fanner model (Farmer et at. 1978), which is recommended

by EPA for Superfund applications (EPA 1988c) and by other modeling guidance sources

(Gas Research Institute [GRI] 1988). This model essentially describes the molecular diffusion

of vapors from the subsurface upward through the porous soil layer to the surface. The

MUIington-Quirk equation for the effective diffusion coefficient was used hi this model to

account for the effect of soil moisture.
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A slight modification of die Fanner model was made to relate die concentrations in

die subsurface soil air-filled pore spaces, which is the 'driving-force' for diffusion in die

model, to the measured contaminant cuotenttatintis in die subsurface areas. Rather don

unconditionally assuming dot die soil pores are saturated with vapor, as assumed in die

original applkaiiuii of die Fanner model, the soil pore-space concentrations were "•••"•qni

from die im annul contaminant concentrations in subsurface soil or in groundwaser. using

eouiliMium-pBililkjiung relationships, i.e.. Henry's Law or die soil-water partition coefficient,

Kj. Tt» partition*! approach is used in other EPA guidance (EPA 1986a). and is aha

;< 1979) and GRI (1988).

of cooanvnants detected in soils 05 feet to 12 feet BGS and in

from weUs located on die facility were considered to represent a single MWBP of

vapors. Therefore. «o avoid doubte-counting vapor *«"mmit from saturated

groundwater. die total volatilization flux at die ground surface was '•ytmlfHI using

bum the gronudwaser and the subsurface SON cionifiUiMtion for each tnuividnal COfC.

WUdatvcr tonreunannu yielded the highest flux (i.e.. die giuuuJwaatf or subtuitace soil

i the coocentntion used to cakataie potential risks. Useof dtemajtimamflux

t provides the most coaaervanve estimate of eiposure-pomt ionrcMiatiOBi, and

r. the mod conservative risk. Airborne vapor concentrations in the brrsfhiag

sing the cstanmtd vapor cmissioo rates from die g'^imil y CUT and a

field box model (GRI 1988)

Air

air resulting from mfUttanonof v

a dwee-step process. The

' above die groundwater were assumed to be in
, ,i - •• -- • i ,,, -: me Henry s law constants.

; between die groundwaier and bnfldaag I

so adaorption and capillary fringe effects, was fstimatfd erupuitally by comparmg die aofl gas

i at the groundwaier surface predksed by die Henry's law "•'•••"•"'"p widi

i at die same location but at a shallower depth. Finally.

; between die soil gas adjacent to a bmlding's
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basement and indoor air was estimated using an attenuation factor based on the Johnson and

Ettinger model for infiltration of chemical vapors into buildings through cracks and openings

in the foundation described in EPA 1992. Details of this model are presented in Appendix G.

6JJJ Exposure Estimation Methods

The exposure estimates described in this section combine the following:

• Estimates of exposure media (subsurface soil, groundwater, and air)
contaminant concentrations developed in the previous two sections;

of contact rate and the frequency and duration of exposure
that receptor populations are likely to experience; and

• Estimates of various physiological parameters (e.g., breathing rate,
body weight, and average life expectancy).

The equations used to estimate the exposure for each pathway and route of exposure

are given in Tables 6-9 through 6-16 in this section. The parameter values used to evaluate

the equations along with the rationale for their selection and a reference source are also given.

For each of the exposure scenarios, parameter values were selected to correspond to

the CT exposure and the RME that an individual hi the receptor group might experience. The

exposure point concentration used for bom the CT and for the RME case was 95 UCL on the

mean or the maximum observed concentrations of subsurface soil samples (whichever was

lower), or the maximum observed groundwater concentrations. In most cases, standard

default exposure factors from EPA's Supplemental Risk Assessment Guidance for Superfitnd

(EPA 1991a) were used. Exposure factors not specified in this document were taken from

EPA's Expcsun Factors Handbook (EPA 19894) or were based on professional judgment.

For the first exposure route, all of the parameters will be described and discussed in

the text below; for subsequent routes, only the key parameters for that route and parameters

not previously mentioned will be described.
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EXPOSURES POTENTIALLY OCCURRING UNDER EXISTING CONDITIONS
** r «_ f mlttm *** • f^^^^**^^9CCBMM K nCHBy ™8IB*I BJDjMHR

The cnncm facility worker exposure was evaluated for the Coonil facility as one

source, and is presewrd below.

Pathway 1A: lihilitiia «f Airbnrae Vannrs (Table «-f». Tlie inhalation rate (IR)

is the receptor's •**•**** breadiing rate for a moderate level of activity (EPA 1991a). The

eipuMc time (ED is itmned to be a normal workday, i.e.. 8 hours per day. The exposure

frequency (EF) was assumed to be 250 days per year for bom die CT case and for the RME.

The exposure dnraboa (ED) was assumed to be 5 years for die CT case (United States

Pcpauneni of Labor (USDL119t7) and 25 yean for the RME (EPA 1991a). The body

weight (BW) is the average for an adob male. 70 kg (EPA 1991a). Averaging time (AT) b

the period over which die estimated exposure b avenged. For nonrarrinogens. the averaging

tine is eoutl to the fipomre Aaiaiinii. whereas for carcinogens, it is equal to the standard life

' of 70 years became the cucaoogenic potency slope factors (see icrtinn 6.4.3.4)

I on lifetBHt exposure.

! to giuuudwater t cmammanrt may occut in cnher of the two
ai, fm.. riTa.i - - -* •• - - M.III rtf -* •* -• « ,, ,i me taciuty. ana me exposures win onier oepenmng on me IB"1!!1?

•Of tflC ICUOCmTtt C3KDO80O (O

I (Cowmy Road 1 area. Vistula Avenue area, and Charles Avenue

for each plume will be die tany, bowtvti, and at

The only dnVerence between the assenment of die two plumes win be the:

of those cheooicau diat are Rjuntl m

wifl be perfcrmod wiifc me "ftf of mote cootammants KHUU
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Pathway 2A: Ingestion of Chemicals in Drinking Water (Table 6-10). The IR

values used were the upper 90th percentile values for the RME case (EPA 1991a) while the

CT value is the average intake observed in five studies (EPA 1993b). The EF represents

year-round exposure allowing for two weeks away from the area. The values used for the

exposure duration (ED) correspond to the 50th percentile and 90th percentile amount of time

spent living at one residence for the CT exposure case and the RME case, respectively. The

body weight (BW) is the average for an adult male (EPA 1991a).

Pathway 2B: Dermal Contact wtth Chemicals while Showering (Table 6-11). The

values used for skin surface area are average and maximum values of a range of total body

areas. The permeability constant (PC) is chemical-specific. PC values were obtained from

Table 5-7 or Equation 5.8 of EPA's Dermal Exposure: Principles and Applications (EPA

1992c). Table 6-17 contains a list of the dermal permeation constants used for chemicals

evaluated in this pathway. The value used for ET is recommended in the Exposure Factors

Handbook (EPA 1989d) for evaluating this exposure route.

Pathway 2C: Inhalation of Volatile Chemicals Whfle Showering (Table 6-12).

The contaminant concentration in air was modeled from the water concentration as described

in Appendix G. The other variables for this pathway have been described above.

Pathway 2D: Inhalation of Indoor Airborne Vapors (Table 6-13). The indoor air

contaminant concentration was modeled from the groundwater concentration and subsequent

soil vapor concentration as described in Appendix G. The other variables for this pathway

have been described above.

EXPOSURES POTENTIALLY OCCURRING UNDER ALTERNATE FUTURE SITE

CONDITIONS

Scen»rio3: Future Facility Worker Exposure

A future facility worker scenario was envisioned in which exposures to soils up to 12

feet BGS could occur as a result of excavations that might occur during various construction

or maintenance activities. Risks from exposures to COPCs (VOCs) will be evaluated in these
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pathways. These exposures were evaluated for the facility as a whole, and are presetted

below/.

(TaUe 6-14). The Digestion rate (IR) is the amount of soil a

worker might ingest through oaod-to-moudi comet. Potential exposure frequency <EF) was

Mtrr-.i a> be 65 days per year for die CT case (one quarter of die year) and 250 days per

year for die RME case. The ED is die tool number of yean during which exposure could

One year is assumed for both die CT and the RME cases since a is unlikely dot an

tkm would last longer dan one year. The body weight (BW> used is die average body

: for die age group indicated (adult males).

£^ ^^^^L^^^^^^^^K c«ji ^^PM&
Oi aVBWBiBBDE OOH |1>O

The absorption boor (ABS) is a chemical-specific value di« describes die fraction of die

appiiml dote of a ilMnikil in sod doc is absorbed through die skin. The uiiieu, EPA

on dermal upmuii assessment- (EPA 1992c) does not have recomnend

tions on ABS values for any of dK Conrad COPCs. Guidance for dns was provided by a.

draft EPA ducunrnt (EPA 1993) and a proposal submitted to die EPA (E A E 1993). Table

6-17 lisa the dermal abmpuon cocffiricnM used for chemicals evaluated in dm padiway.

The dermal mfiarr area ISA) eiposed during routine woiking conditions is the head, hands.

1Oit> 1 DC PBBttOBOCaT Of (uC

Safli (Takit 6-16V The conominani coocentrarjon in air (CA) is a modeled

on enter die 95 UCL of me mean COPC fonmnuamm or die ^"^H"*"" drtctied

b higher. Thb value is da used in a volatile flux model (Appendix G). using a

TCCOonbctar for depletion of dje source over time. For die CT case, die source depletion

n be 65 days, whereas for die RME case, the soutue deplftiuu i

lobe 250 days. AH onkr vanes used in calculating this padiway are described
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The exposure estimaces from the equations described above are given as lifetime

average daily intakes (LADIs) for carcinogenic effects and as chronic daily intakes (GDIs) or

subchronic daily intakes (SDIs) for noncarcinogenic effects for each complete pathway and

exposure case in the risk estimation tables in Appendix H. The exposure estimates are

combined with toxiciry estimates for each chemical discussed in Section 6.4 to obtain risk

estimates.

6.3.4 Uncertainty in the Exposure Assessment

A number of factors will cause the exposure levels estimated in the exposure

assessment to differ from the exposures that potential receptor populations may actually ^,

experience. This section will identify these factors, discuss the potential effects of the factors

on the exposure estimates, and. where possible and appropriate, estimate the degree of

confidence that should be placed in the various assumptions and parameter estimates that have

gone into the exposure estimates.

6.3.4.1 Euriiwimental SampUng and Analysis

Samples collected during the three phases of the Conrail site field investigation were

intended to characterize the nature and extent of contamination at the she. Accordingly, most

samples were collected from locations selected in a purposeful, directed manner to accomplish
this goal. Samples collected in this manner provide considerable information about the site

but ate not statistically representative of the contamination that may be present on the site as a

whole. In order to gather statistically representative data, the sampling locations need to be

selected in a random fashion or through die use of a designated grid system. Few of the

sampling locations in the risk assessment data base were selected in tills way. Sampling

locations selected in a directed manner tend to be concentrated in areas having higher levels of

contamination; therefore, data from sampling locations selected in this way tend to overesti-

mate the average concentrations present in a representative exposure area.

Soil and groundwater chemical analyses were focused primarily onVOCs. VOCs

were evaluated because they are highly mobile, and therefore there is a greater possibility for

human receptors to be exposed to these contaminants. This analytical focus may have
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routed in an underesiimanon of the potential risks from this site: however die evaluation of

risks from exposure to VOCs should be reliable.

Development of the source concentration used to estimate exposures was ^isrvttfd in

Section 6.3.3.1.

One aspect of die analytical data out could marginally reduce die level of r""fr1nT

in the estimates of (imantmiu 4 JHU f iimmos in coviionnif nial mrrtia n> the mctaston of

I resuks (E or J flags) that may not have die same precision and accuracy as data

I att of the standard quality issuranre (QA) criteria. However, dux is a

Another aspect b die use of analytical detection limits that could aDow potentially

«••»••*«"« nMtftMtmumf. nt «nme rJimiirjU tn gn tmAnirtrti lluS IS Of greatest Concern

widi regaid to testing of giuundwaier dot is used or that might be used as a potable water

sanpty. S*?BI? sne-relattd chemicals, if pruent in drinking water at levels approaching their

detection units, could pose cancer risks exceeding EPA's benchmark level of

HT* (see Section 6.2). In addition, some groundwater and soil nmpkt had ejevased detection

linwls becauae of necessary diluriom made in dw analysis of die samples. Therefore, some

i IfHi**1^* that were not dcmitd in dKse samples might have been ptuut at levels ifaM could

poKotiaUy pose «igT«^" risks. Almongh COPCs that were not detected in a sample were

I to be present at 4n<H<^>MaiKnu! rojual to one-half then* respective sample

i ot otu6r non'̂ ietecteo cnenncais ujieve assvnaeu to ne zcvo.

This source of uncertainty tetters die level of confidence diat can be placed in the upper hunt

1 regarding die exposure <

The vahtes used and a brief rationale for

i are given in Tables 6-9 dvongh 6-16 in Section 6.3.3.3. watch describe the

i for the various pathways. Individual parameter vahtes were selected so

that ike overall pathway exposure rttimairi would approximate CT and RME cases.

6-25

J170



Conrail RI/FS
RIRepon
Section 6
Rev. 0 March 31. 1994

6.3.4.4 Steady-State Assumptions

Most of the exposure calculations used in this HHE assume that the concentrations of

chemicals in the source media are at steady state and remain constant for the duration of the

exposure periods, which range from five to 30 years. Only the future worker inhalation

pathway assumes source depletion over time.

This steady-state assumption may not be appropriate for organics in the soil, which

tend to migrate, eventually depleting die source, or may degrade over time. The concentra-

tions of contaminants in groundwater could increase or decrease over the next 30 years,

depending on many she-specific factors. For simplicity, the conservative (health-protective)
steady-state assumption was used in all but die one pathway listed above.

6.3.4.5 Contaminant Migration Modeling

Uncertainties about die reliability of modeling predictions arise in two areas. The

first is the validity and accuracy of the model itself, and the second is die selection of

appropriate parameter values for use in the calculations. Several types of models were used

in developing exposure estimates.

One model concerned the emission of vapors from surface soil. The modified Fanner

model, described in The Super/and Exposure Assessment Manual (EPA 1988c), was used to

estimate die volatilization flux of VOCs at the ground surface from subsurface contamination.

The selection of conservative values for some parameters used in this model (soil porosity,
soil-water partition coefficient, size of source area, etc.) will tend to overestimate the actual

emissions, but the results should be moderately reliable.

Air dispersion modeling is used in conjunction with die model described above to

estimate ambient air concentrations downwind from the source areas. The near-field box

model (GRI1988) was used to estimate air concentrations of COPCs. Standard regulatory

default options were used as model inputs along with meteorological data from the airport in

South Bend, Indiana. The results of this model should be moderately reliable.

The third type of model was used to estimate indoor air concentrations. An empirical

model was employed to calculate potential concentrations of vapors infiltrating basement walls

from the surrounding porous subsurface soils whh subsequent dispersion throughout the

home. The soil gas concentrations adjacent to basements were calculated from die
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groundwater concentrations using a simple partitioning equation employing the Henry's Law

Constant and an empirical anmnarion factor. Standard regulatory default values, which tend

to be conservative (health-protective), were used in this empirical modd. This may result in

overestimating die vapor concentrations, but die results should be moderately reliable.

Taken together, the results for all die models employed should be moderately to

highly reliable, but may overestimate actual exposure-point air concentrations.

Overall, the exposure nrimatrt obtained are probably moderately reliable. Several of

the boon adding uncertainty to die estimates tend to result in overestimation of the exposure.

• The dncrifil tuiuic of the sampling and analysis program:

• The use of the 95 UCL or the maximum observed value for the
source concentration;

• The use of a number of 90ft percentile values in the

• The use of the steady-state assumption for source "m* ff*1***!**
rajmatrv. and

• The use of transport modfli. which incorporate dieir own f,nnnv
rive assumptions. 10 ruimiie exposure-point contcutianont m

VOCs were the only group of contaMinana evaluated hi mis HHE. By not evaluating

t mat may exist at the site, risks to iHnant may be underestimated 1

of me potential f i[nmiif pathways of contamination that were not evaluated.

The nse of detection hmits for chemicals in wut* analyses that were not cuiitdy

: for risk assessment purposes could lead to undeiT.it inun ion of exposures to these

i me direct use of giouudwater. The cumulative effect of aD eipouite

, however, is most likely to overestimate ixum man noderesrjmaB the true
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6.4 Toxicrrv ASSESSMENT
6.4.1 Introduction

The purpose of the toxicity assessment is to compile toxkhy and carcinogenicity data

for the chemicals of potential concern at the Conrail She and to provide an estimate of the

relationship between die extent of exposure to a contaminant and the likelihood and/or

severity of adverse effects. The toxicity assessment will be accomplished in two steps:

hazard identification and dose-response assessment.

Hazard identification is a qualitative description of the potential toxic properties of the

chemicals of potential concern at the site. Brief health effects summaries for die chemicals of

potential concern are also presented.

The dose-response evaluation is a process diat results in a quantitative estimate or

index of toxkhy for each contaminant at the she. For carcinogens, the index is the slope

factor (SF). For noncarcinogens, it is die reference dose (RfD). Practices and procedures

used to develop quantitative indices of toxicity and to incorporate lexicological information

into die risk estimation process and the quantitative indices of toxicity are presented in Section

6.4.3. Uncertainties in die toxicity assessment process are discussed in Section 6.4.4.

6.4.2 Health Effects Summaries

The heakh effects summaries describe die potential toxic properties of die

chemicals of potential concern at die Conrail Site. For carcinogens, die weight-of-evidence
category is also included. In most cases, dw information in the summaries is drawn from die

Public Heahh Statement in die Agency for Toxic Substances and Disease Registry's

(ATSDR's) lexicological profile for die chemical (ATSDR 1989-1993). Exposure concentra-

tions that may be associated witii advene effects are included in some of die summaries.

Acetone is a clear, colorless liquid with a cool, mint-like odor. It is a naturally

occurring, volatile metabolite that has been identified hi such plants as onions, grapes, apples,

tomatoes, and the morning glory. Acetone fa a component of human breath and can also be

emitted from natural sources during volcanic eruptions and forest fires. It is used as a solvent

and as a chemical intermediate.
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Matt acetone used as a solvent or emitted from natural sources will ultimately be

released to die air. If released 10 sod. it can both volatilize and leach to groundwater.

Acetone also bndegndes readily.

The most likely human eiposuie to acetone b occupational. It is possMe thai die

general population could be expand to acetone, however, through inbalatkn of automobile

cs. and iobaccu and wood minfce; through '**'""^ or tnhalatioo ^jn^n

products such as nail polish remover; or by iiigcsiiun. off food or water dtat

In high concentrations or in pure form, acetone is a skin irritant and sevet

Following inhalation exposure, nasal irritation, eye iiikatiun, respiratory

LttClC WdflQKSS dD OCCVf •

ingesrion of large unouoa of acetone. Increased liver and

and kidney uukny are die critical, or most sensitive tone eCfciis. of i

and serve as die basis of EPA's RfD.

is not daitifird by EPA as 10 its carcinogenic

in dK envnonBent, fomti from both natural processes and human activky.

Today, most benzene is produced from petroleum sources. Benzene has a long history of

: notably as a sotveot and as a starting material for die synhests of other

easfly, and fipoMie of die gcnuil public to bfiurnc occurs

air. The major sources of benzene in air are gasoline and
^j •̂•! ,,„:,-• , •* «~ • - • - - • • ! 1 -• CABB HlBHBUsBJ dU^BBiulD* tt UH O66D1 QKBDBIDD mnK JU

* 10 benzene in die United States is due to tobacco smoke. Household

fiuDime wax. and dotigcnu can abo be a source of

is readily absorbed by iniialaikm and ingr ition, but is absorbed to a I

dMoaghdieskin. Host of what n known about die human heahh efiba

on uudifi of woikcii who were usually exposed for long pfrfrnh to high
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Benzene is toxic to blood-forming organs and to the immune system. Excessive

exposure (inhalation of concentrations of 10 to 100 ppra) can result in anemia, a weakened

immune system, and headaches. Occupational exposure to benzene may be associated with

spontaneous abortions and miscarriages (supported by limited animal data), and certain

developmental abnormalities such as low birth weight, delayed bone formation, and bone

marrow toxkity. Benzene is classified as a Group A, human carcinogen, based on numerous

studies documenting excess leukemia mortality among occupationaUy exposed workers.

BranodkUoronMtittiie (BDCM)

Bromodichloromethane (BDCM) is a colorless, heavy, nonburnable liquid. Most

BDCM in the environment is formed as a byproduct of the addition of chlorine to drinking ^^

water. Small amounts of environmental BDCM are naturally occurring, formed from marine

algae. BDCM has been used as a solvent for rats, waxes, and resins, as a flame retardant, as

a heavy liquid for mineral and salt separation, and as a fire extinguisher fluid ingredient. The

principal use of BDCM is as a chemical intermediate for organic synthesis and as a laboratory

reagent.

BDCM evaporates readily, so that BDCM released from chemical facilities, waste

sites, or drinking water enters the atmosphere as a gas. BDCM does not adsorb strongly to

soils or sediments, nor does it tend to bioaccumulate.

BDCM is readily absorbed by inhalation and ingestion. and to a lesser extent through

the skin. The most likely human exposure to BDCM is through drinking water.

Animal studies indicate that both the liver and kidney are susceptible to injury from

BDCM exposure. This includes increased weight, inflammation, and/or degeneration, and

decreased (unction. Rats and mice that were administered oral doses of BDCM displayed

signs of central nervous system depression, including lethargy, labored breathing, and

sedation (similar to other halogenated chemicals such as chloroform and carbon tetrachloride).

BDCM exposure has also been observed to result in developmental toxicity. Chronic oral

studies indicate increased frequency of liver, large intestine, and kidney tumors in rats.

It is not known whether long-term exposures in humans contribute to the development

of cancer. BDCM is classified as a Group B2, probable human carcinogen, by EPA, based

OQ animal studies.
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(Miihjrl Ethyl

A colorless liquid with a sweet, but sharp odor. 2-buunooe is volatile and will

qnddy evaporate inro the air. The compound is manufactured in large amounts for use m

i. gbes. and other finishes, b is abo a natural product made by some aces, truss, and

2-butanone is often found dissolved in water or as a vapor in air. hi

it can be broken down into simpler chemicals by natural biological processes in about

two weeks, to air. 2-buonone will break down under the influence of sunlight in one day or

less, b does not adhere to soil appreciably. If it is spilled on soil, k can migrate dtrongb die

sod ester as a vapor or a liquid, b a relatively soluble in water which allows it to dissolve

in sad nagraas with soil moismrc and (HHutootti.

The moat likely human fipumre to 2-butanone is offupalioual. However, the genual

population could be npoarri •> 2-butaaone in die air from drying pamts and glue, and to 2-

. water or soil m a result of eavuonaifntil ooonaamanoa. Lasdy, it has been

* Z'̂ vtfEmawOQC OOCBH amTaQaVmaYy nut SOQK tOOOS lOCCDQImBntZ CIDClOCD* lOmfltOQ OHtS

fruit, dried beans, split peas, and lentils.

Greacrnma 50% of die inhaled 2-butanone is adsorbed onto die body, bis

i how much of the oral and dermal doses are adsorbed. Humans can smeD 2-

; leveb below dwse dm can cause advene effects. At leveb sughdy above die

odor threshold, people have uported mild lunauuo to die nose, throat, eyes, and:

hi giniTT*' there are umy obscrvabK ctfcm at high doses m animal studies. Heahh

[ from mhalanon or mgesnoo of 2-butanone inrhidc lespiratory hninDon,

high doses. Toodc efiects to oAprmg is die EPA's critical or moat senssdve effect. There

arc lepuns of behavioral cUmi in mice and baboons at low doses.

Very hide long-term expnmrc data exist for 2-butanone in anmab and humans, b is
•

Carbon marhloiiue is a nam-made dear liquid dot evaporaua very easuy. b has

usedmdiepioJuujuBof o^chlotofluofocarboos. in refrigeration flmds. and m
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propellants for aerosol cans. In the past, carbon letrachloride was widely used as a cleaning

fluid especially in dry cleaning.

Most carbon tetrachloride released into surface soil or surface water will rapidly

evaporate into the air. Carbon tetrachloride dissolves in water and can contaminate ground-

water. Carbon tetrachloride can biodegrade fairly rapidly (6 to 12 months) into other

chemicals.

Exposures to high concentrations of carbon tetrachloride can cause Central Nervous

System (CNS) effects. The immediate symptoms include signs of intoxication, including

headache and dizziness, along with nausea and vomiting. Prolonged exposures may cause

coma or even death. Carbon tetrachloride also causes liver and kidney effects. The liver

becomes swollen and tender, and fat tends to accumulate in the tissue, and, if exposure

continues, it can lead to decreases in liver function. The formation of liver lesions is the

critical or most sensitive toxic effect of carbon tetrachloride and serves as the basts of EPA's

RiD. The kidneys produce less urine causing a buildup of fluids in the body, especially the

lungs, and a buildup of waste products. Kidney failure is often the main cause of death in

people overexposed to carbon tetrachloride.

Animal studies indicate that carbon tetrachloride does not cause birth defects but

might decrease the survival rate of newborn animals. Also, animal studies have shown that

oral exposure to carbon tetrachloride has increased the frequency of liver tumors. No studies

have been performed on the inhalation route of exposure and frequency of liver tumors.

ft is not known whether long-term exposures in humans contribute to the development

of cancer. Carbon tetrachloride is classified as a Group B2, probable human carcinogen, by

EPA based on animal studies.

CUorofocm

Chloroform, also known as trichloromethane, is a colorless liquid with a pleasant,

non-irritating odor and a slightly sweet taste. Chloroform is used primarily to synthesize

other chemicals. Most chloroform found in the environment comes from chemical

manufacturing plants, pulp and paper mills, chlorinated drinking water supplies, and

chlorination of wastewater from sewage treatment plants. Chloroform is highly soluble in

water, and it readily evaporates into air where it is ultimately degraded by photochemical
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The most likely source of exposure to chloroform is through dtinkiug water and/or

; air ftmnimn^ chloroform contamination. It can also be absorbed through the skin.

Inside the body, chloroform can be transported throughout the body, concentrating mainly in

fat tissue, brain, liver, and kidney.

In humans, chloroform has been found to adversely affect the CMS. liver, kidneys,

digestive system, bean, and circulatory system after exposure through inhabtion or

CNS f ffifHf associated with human exposure to chloroform include dizziness, vertigo,

and in some cases death. When used as a anesthetic in the pant, chloroform

and low Mood pressure. Anesthetic use was <

of fiver and kidney damage. Long mm exposure to low coocentiauoui of chloroform abo

causes liver and kidney damigg in humans. The formation of fatty cysts in the liver is the

critical effect of chloroform in animals and serves as the basis of EPA's RfD.

to long term annual studies, chloroform-induced liver and kidney damage has abo

Reproductive effects m uUk« associated with chloroform mbatstiosi exposure

Ldky to mamtam pregnancy and an increase m bulk drfccts. It B not

' ihlutufuim can cause similar reproductive tffeiu in humans.

i k is ••«!">»»• whether long-term cApmun contributes to the development of

• 10 numans. liver and kidney tumors have been associated whh oral t piyuwt in mice

and rats. Chloroform is classified as a Group B2, probable human catcinugui. by EPA based

onanssB

1,1-Dlclssraetlume (1,1-OCA)

The tompnnuri I .I-DCA • a man martf liquid chemical mat is used industrially as a

sotvcni and m the manufacture of other chemicals. When I, I-DCA is released to surface

water or surface sou*, the f hf inn il will evaporate into air. Although its water sohsbfliry is

tow. 1.1-DCA can migrate from soi into granndwaier. Some 1,1-DCA found in the

cn^HDnmeBt is a brcsfcdown product of l.l,l-imJJcm>filiiiir. Human exposure to 1,1-DCA

D^A^A^^MlM l^al^ M^A^l^M^aM^K M mm^mSM^ l̂̂ . *k^ l»AAbl» ^f^ma^^ ~f • • i U* A -— IKesanvety rane uoormanon • avaaoDie on tne i if inn gracits ot I.I-LK.A m i

Ahhough once used as a surgicsl as»ifhrrir gas. me use of 1.1-DCA

I when d was diiijovucd dtat irrcgulir heartbeats were irnhirnl at i
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doses. Exposure to high levels of 1.1-DCA in air has caused death in animals. Long-term

exposure to high levels of 1.1-DCA has caused kidney damage in laboratory animals. In

addition, exposure of pregnant rats to 1.1-DCA in air resulted in delayed development in the

offspring.

One laboratory study suggests 1.1-DCA may cause increased tumors in rats and mice,

but the results are inconclusive. There is no evidence of similar harmful health effects in

humans. In light of the results of animal studies. EPA has classified 1 , 1-DCA as a Group C

possible human carcinogen.

1,1-WcMoroetbene (1,1-DCE)

The compound l.l-DCE is a man-made chemical that does not occur naturally in the

environment. It is a clear, colorless liquid that has a mild, sweet, chloroform-like odor, and

is used to make plastic products such as piastre wrap and flame-retardant fabrics.

The compound usually enters the body through inhalation and/or ingestion. It may

also enter the body through the skin. The human health effects resulting from exposure to

1 . l-DCE are unknown. In animal studies, brief exposures to high concentrations of 1 , 1-DCE

have caused liver, kidney, heart, and lung damage, nervous system disturbances, and death.

Prolonged exposure to lower concentrations of l.l-DCE has also produced liver damage.

This liver damage is the critical or most sensitive effect of 1 . 1-DCE and serves as the basis of

EPA's RID.
An increased risk of cancer was observed in animate exposed to l.l-DCE. as was an

increased risk of birth defects in the offspring of exposed pregnant animals. Based upon

animal studies, l.l-DCE is classified as a Group C possible human carcinogen.

1,2-DkUoroetbene (1,2-DCE)

The compound 1,2-DCE is a man-made flammable liquid with a sharp, harsh odor.

It is primarily used in die production of solvents and as an additive to dyes, lacquer solutions,

perfumes, and thermoplastics. There are two forms of 1.2-DCE: cis- 1,2-DCE and trans-1,2-

DCE. which may occur separately or as a mixture.

In the environment. 1,2-DCE evaporates rapidly. When 1,2-DCE is released to

either surface soil or surface water, almost all of the chemical will evaporate into air. When
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1.2-DCE occurs underground, such as in landfills and chemical waste ritn. it can dissolve in

water and ungrate witii giuuulwaiei In groundwater. 1.2-DCE breaks down to vinyl

chloride, which abhnatety breaks down to water, carbon dioxide, and chloride ions. Vinyl

chloride, the initial breakdown product, is more toxic than 1.2-DCE.

This crunpOHHil can enter the body by drinking water, eating flood, or breathing air

thatcoarasK U-DCE. Because UDCE evaporates readily, unudation is the moat tibety

i of human exposure. hnubtiooof high levels of 1,2-DCE can canae nausea, drowsi-

, and may resnk in death. Uver, heart, and rung damage were *%K.VvJ in

T aaaaaus after short- or long urin exposure to 1.2-DCE m air. Liver and lung

was reported in aoimti] dttt were fed 1.2-DCE. Death can abo occur in aaanoti dot

large amounts of 1.2-DCE. Changes in Mood chemistry is the critical or ma
and serves as die basis of the RfD used in dx risk assessment.

beala effeos resuhing from exposure to U4XX are unkaown.

risk of cancer has ant been reputed in h""«^K or annals ̂ -nywml to I^-DCE.

is a courksi iqoid wah a gasoline-like odor.

and b fend in many synthetic pndMO. mcfadmg pa*

into me air from soil or water. People Irring
[ or near factories or highways aaty be exposed to etfayfceozene n dK sir. Indoorair.on

KOdncts and paaats. Tobacco smoke abo

m poanoaDy enter rhe body through

wfcfc gasoline, pamt vapors, or tine vapors, or

exposed to high kveb of ethyfcenxeae have

fmr.kJa^.andaerv<oassymadaiaBge.anddeamm However, the
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nwaniag of these effects ace uncertain because of conflicting results and design weaknesses in

many of the studies.

No data are available on long-term health effects in humans exposed to ethylbenzene.

One long-term study showed increased tumors in rats treated with ethylbenzene. but the study

was flawed. EPA has placed ethylbenzene in Group D, not classified for carcinogenicity,

because of limited laboratory data and lack of adequate human data.

Methyl Chloride (CUoromethane)

Methyl chloride, which is a gas or pressurized liquid at ambient temperature, is used

in the production of silkones. agricultural chemicals, synthetic rubber, and tetraethyl lead. It

can be formed during die chlorinatkm of drinking water. Methyl chloride is released in

tobacco smoke and turbine exhaust. It is produced in nature by several photosymhesizing

marine organisms, and is released through both brush and forest fires, and volcanoes.

Exposure to high concentrations of methyl chloride can result in dizziness, blurred

vision, confusion, coordination problems, abdominal pains, nausea, and vomiting. These

symptoms can be foltowed by delirium, convulsions, coma, and possibly death. Acute

exposure to methyl chloride may also result hi degenerative changes in the heart, liver, bone

marrow, and kidneys. Dermal contact with liquid methyl chloride can result in anesthesia and

possibly frostbite of die exposed tissue.

Chronic exposure to low concentrations of methyl chloride can cause CNS damage,

and, in some cases, damage to the liver, kidneys, bone marrow, or cardiovascular system.

There are no adequate data available to suggest that methyl chloride is carcinogenic.

Mdhffatt Chloride (DkUoranetiune, MO

MC is a man-made liquid chemical that is widely used as an industrial solvent and as

a paint stripper. Because MC evaporates easily, h is released into the environment mainly hi

air, where it is broken down by sunlight MC released to water or soil tends to volatilize to

air, but may migrate to groundwater. MC is formed during water chlorination, and small

amounts of MC may be found in some public drinking water supplies.

Absorption into the body occurs readily following exposure by breathing vapors or

vngestion. Occupational wotket exposure to high levels of MC in ait has resulted
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in Jmwaincss, fatigue. lack of appetite. and light-headedness. Other effects inchife impaired

reaction time and coordination. numbness or tingling of fingers and toes, and imorirarion.

The critical, or most sensitive effect, of MC exposure is liver damage observed in rats

exposed 10 MC.

Chrome exposure of laboratory JIH*"** to high mmXniiijimii of MC by

has ranked n an increased imidearf. of liver and lung cancer in mice and ran. MC has not
E y* r*^*TT ***fft i« nfoaffrifmanj fr^tfMfa hrnmn* Ha*MJ an remit* finm animal

EPA has classified MC as a Grasp B2, probable human <

Meayt isobnryl ketone (MDK) it a man-made, colorless, uanspaient ttqnid wim a

r-fifce odor, which it used m a wide vaiitty of industrial applications. The release of

; is tnamry due to emmons and tfHuna from mdnstnes and vehicle

t nsed and produted by manufaiturers of foaimgj (Le.. larouru,

s), pharmaceancahv, pesticides, rubber processmg chemtcafav. adhestves and by

macsors. MDK to moderately volatile and slighdy soksbfe m water, ft can be

broken down by dnect pbotorysai. by rrsmun with bydroxyl rartifah in the atmosphere and

by affnfric biodfgiaitaikin in sosl and water.

whne nsaag produtis oonnnnnaj MDK. Peupfe living in source areas may be exposed to

nuT"*!"""! TT*""'̂  ** Mtmr «^wi>« M m«.^iiiMi.i««Tp««<nnfpnfirTn>ny>

i a day/ hat canted weakness, lost of appetite, lirailarhe, burnmg eyes, stomach ache,

nd sore throat. A few wotfcus eipeiiuced mtomma, somnolence, beanburn, and

pain. Several workers were found to hrveslightly enlarged livers and

of colitis

Oral exposnre to MDK hat canaed kidney and liver cffcua in rats. In the past,

critical or most sensitive effects of MDK and serve as die basis of die EPA'sRfD

. the oral Rfl> has since been whhdiawii. There is no
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Tetracfalorcthene (Perchloroethene, PCE)

PCE is a man-made chemical that is widely used for dry cleaning fabrics, for metal-

degreasing operations, and in the manufacture of other chemicals.

Most PCE released into surface soil or surface water will rapidly evaporate into the

air. PCE dissolves in water and can contaminate groundwater. PCE biodegrades slowly in

groundwater. Some of the breakdown products of PCE are also hazardous chemicals such as

trichloroethene (TCE) and vinyl chloride. Detectable background levels of PCE frequently

occur in air and less frequently occur in drinking water.

Humans may be exposed to PCE by breathing air or ingesting food or water that has

been contaminated with this chemical. For the general public, inhalation is the most likely

route of exposure. PCE can occur in many household products including: suede protectors,

water repellents, spot removers, and wood cleaners. Exposure to high concentrations in air.

particularly in confined areas, can cause CNS effects, which may be expressed as dizziness,

headache, sleepiness, confusion, nausea, and possibly unconsciousness and death.

Animal studies, conducted with concentrations much higher than those usually

encountered in the environment, suggest that PCE can cause liver and kidney damage,

developmental effects on fetuses, and toxichy to pregnant animals. Liver toxicity is the

critical or most sensitive effect and serves as the basis for the RfO used in the risk assess-

ment.

PCE causes liver cancer and kidney cancer in mice and rats. Studies of human PCE

exposure and its relationship to increased cancer risk have produced conflicting results. Based

on the evidence from animal studies, EPA once classified PCE as Group B2 probable human

carcinogen. However, EPA has since withdrawn this classification and the carcinogenicity

status is pending.

Toluene

Toluene is used as a solvent in the production of a variety of products and as a

constituent in the formulation of gasoline and aviation fuels. Toluene can enter and affect the

body if it is inhaled, it comes in contact with the eyes or skin, or if ft is swallowed.

Exposure to toluene can cause many CNS effects. Toluene overexposure may cause

fatigue, weakness, confusion, headache, dizziness, drowsiness, and irritation of the eyes,

MI 0183
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y met. and skin. These symptoms have been icponed in;

exposure to tirborne concentrations of toluene ranging from SO ppm 1189

mg/rn3) to 1^00 ppm (5.660 mg/m3). Symptoms generally increase in severity widi

res.

I SOM|ICS iuvc shown out of*u cxpocurc to totococ bis QHBBQ OVDBBC to DODI

the liver and kidney. This damage is the critical effect of toluene and serves as ike oasis of

EPA's RfD.

ft OOuCBC OOtt HOC WOOQf tO C8D9C CtOCtf ID •UUDUaw Of DDDBaVuV* PVQ EfldCsVCQ HSK OK

CflHCBT ^atm uCtCClBO IO StUfltES OC OCCBPflKtOCHBiy CVDO9QQ fl9C&« Ma^DBlaVtyK fOlDCDC Qlfl

daValC GslDBCflT i^D nB flDQ C^ttOC C3CDOI6Q QaWBCD

144-Tifril (1,1,1-TCA)

1,1,1-TCA is a man-made chemical dm h

;. For example, it is used as a cleaning solvent to remove oft or grease from

netal pans, and as a solvent to dissolve other substances lurfa as gsw and paint.

t spot removers in? coatain 1,1,1-TCA. Muchof die l.l.l-TCA

I in dse United Sana ends up in die atmosphere as a result of evaporation daring use.

l.l.l-TCA released onto or uno die ground can migrate into groundwaatr.

Inhalation is die major rouse of exposure in humans, but fiposuie can also occur

i of coatasBhused food and water and by skin counsel with 1.1.1-

I soi and waser.

1,1.1-TCA is readuy absorbed iaso the body following exposure by huutaian of air

t vapor or Jngrstion of water or food containing l.l.l-TCA. h also readuy

leaves the bony wife exhaled ak.

Huuuw inhalation of hajh levels of 1.1.1 -TCA over a Aon period of time has

(CnVsmmBO usn\ ̂ Muv0 CQBCIS 8OCu» St Otn^EBtCtt* UntaW^HMOOuQCSS• HlO lOtt Om UuwlDCC uuDO OOOCQIDft*

tion. These heahfc cfhiis are uadMji rcveisMe when exposure sums.

i in aasmsts and hnmans have shown dot mild liver eflects resnkfromlong-

Cdney daumje has also been reported in animal sOKues.

aoer Hiihci were done on mice and rats dosed only. No

i of an ••traatrt incidence of cancer was found, butdac study was of nmiled
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value because of the death of many of the animals. It is not known whether 1.1.1 -TCA

causes cancer in humans.

Trichloroethene (TCE)

TCE is a man-made chemical widely used as a cleaning agent and solvent for

degreasing operations. Most TCE released into surface water or surficia] soil will rapidly

evaporate into the air. In the subsurface, TCE is moderately to highly mobile and can

migrate to groundwater. TCE biodegrades very slowly in subsurface soils and grdundwater.

Microbial degradation products include dichloroethene and vinyl chloride.

Humans are most likely to be exposed to TCE in air. TCE also may occur in

drinking water supplies and consumer products including metal cleaners, spot removers, rug

cleaning fluids, paints, and paint removers. TCE may cause adverse health effects following

exposure through inhalation, ingestion. or skin or eye contact. Exposure to high levels of

TCE can cause CMS effects including drowsiness, dizziness, headache, blurred vision. lack of

coordination, mental confusion, flushed skin, tremors, nausea, vomiting, fatigue, irregular

heartbeat, and in some cases death. In the past, TCE was used as an anesthetic, but that use

\vis discontmued when tius substance was found to cause ine^ Chronic

exposure to TCE can cause liver damage and skin reactions, as well as CNS effects.

Exposure of laboratory animals to TCE has been associated with an increased

incidence of a variety of tumors, including kidney, liver, and lung cancers. However, it is

uncertain whether people exposed to TCE have a higher risk of cancer. In the past TCE was

considered a Group B2 probable human carcinogen, this classification has been withdrawn by

EPA, however, following further review.

Vinyl CUori* <VO

VC, which is a gas or pressurized liquid at ambient temperature, is primarily used as

a raw material in the chemical industry for the production of polymeric chemicals (e.g.,

polyvinyl chloride fPVC]) that are in turn used to manufacture a variety of plastic products,

hi addition, VC is a known degradation product of many chlorinated solvents including tetra-.

tri-, and dichloroethenes. Most of the VC hi die environment comes from the plastics

industry's releases to air or water. In surface water or surface soil, VC evaporates readily.

^n 01-856-40
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Once m die air. VC breaks down rapidly to noohazardous consnuents. VC can migrate to

groondwater and dissolve readily. Once in die groundwaier. VC can persist for many yean.

VC may cause adverse beahfa effects following exposure by inhalation, ingesdon. or

by dermal or eye contact. VC inhalation can cause dizziness or sleepiness. VC was used as

; for a brief period of time. Breathing very high levds of VC can cause

t and in some cases dead). On skin, exposure to liquid VC can cause burns.

: effects associated win long-term occupational VC over

in die liver, changes in the "iBimiff system, and i

VC has been shown to cane liver and lung cancer in rats, and liver cancer in

workers occupjiionilry exposed ID air concentrations in the range of 25 ppm to greater

200 ppm. Based on tha evidence. EPA has classified VC as a Group A. a human

Air staodatds as low as I ppm are specified for occnpaoonal exposure to VC in

Xyknes are componeots of coal tar and petroleum; however, die majority of xyknes
1 are tnan-made. There are diree isomcfs of xyiene (onno-. meta-. and

para-xytene). which can occur separately or as a mixture, and are herein referred to as

Xyteaes are used in solvent minuies and cleaning •p*"1*, and are components of

I other fuels.

rates easily and its preicuLc is widespread in die environment. Xyiene

from mdustnal sources, auumobue ruhauti. operations employing it as a solveuu

njnaal sites. Xytenes can be detected in air in does and industrial

and in some public drinking water supplies.

Ftpoture to xvleut may occur by breathing xyiene vapors, or eating or diinking

fbodorwaaer. Xyiene is rapidly absorbed following inhalation or

Short-terai human exposure to high levels of xyiene in air (100 ppm to 230 ppm)

irritation of die skin, eyes. nose, and diroat, increased reaction time to a visual

led memory, mniii h dnxjonnuii, and poarible changes in die liver and

kidneys. Xyiene may be fatal if large enough concentrations are inhaled or mgested. There

are no studies regarding die long-term dfcvb of inhalation or mgesoon of xyiene by I
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Exposure of laboratory animals to high levels of xylene in air resulted in changes in

the cardiovascular system, changes in liver weights, and hearing loss. Decreased body weight

and increased numbers of birth defects in unborn rats were observed when the mothers were

exposed to high concentrations of xyiene. The effects of long-term exposure to low

concentrations of xylene have not been well studied in animals. The critical or most sensitive

effect is a decreased body weight in laboratory animals.

Oral exposure to xylenes did not cause increased cancer in rats or mice. There are

no human carcinogeniciry data. EPA has placed xylene in Group D, not classified for

carcinogenichy.

6.4.3 Quantitative Indices of Toxkfcy

Quantitative indices of toxicity were compiled for the dose-response »?mimirnt to be

used in estimating the relationship between the extent of exposure to a contaminant and the

potentially increased likelihood and/or severity of advene effects. The methods for deriving

indices of toxicity and estimating potential advene effects are presented below. The indices

of toxicity for the chemicals of potential concern are presented at the end of this section.

6.43.1 Categorization of Cbemkab as Cardnofcns or Noncardnogaa

For the purpose of this risk assessment, chemicals of potential concern were classified

into two groups: potential carcinogens and noncarctnogens. The risks posed by these two

types of compounds are assessed differently because noncaicinogens generally exhibit a

threshold dose below which no advene effects occur, while no such threshold has been shown

to exist for carcinogens.

As used here, the term "carcinogen" means any chemical for which diere is sufficient

evidence that exposure may result in continuing uncontrolled cell division (cancer) in humans

and/or animals. Conversely, the term "noncarcinogen" means any chemical for which the

carcinogenic evidence is negative or insufficient. These classifications are dynamic; chemicals

may be reclassified at any time that additional evidence becomes available that shifts the

weight-of-evidence one way or die other.

Chemicals of potential concern have been classified as carcinogens or noncarcinogens

based on weight-of-evidence criteria contained in the EPA's "Guidelines for Carcinogen Risk

"2 ' 0187
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t~ (I986b). Table 6-18 summarizes the five EPA weight-of-evidence categories.

According to diese EPA guidelines, chemicals in the first two Groups—A and B (Bl and

B2V-are considered human carcinogens or probable human carcinogens based on sufficient

evidence and should be subject to nonthreshold carcinogenic risk estimation pioceduies.

Ptpffrf"^ upon die quality of die data. Group C chemicals may also be subjected to diese

mwffhim The renaming chenncab-in Groups D and E-are defined as noncarcinogens and

should be HitjfTr'' to threshold-based lexicological risk estimation pioceduies.

Exposure to some ttr™i"b- may result in bom carcinogenic and i

effects. In diese cases, boo dK carcinogenic and noncarcinogenic effects

I in die risk istcttiHBnt process.

lift GQBuMt flO OOBCUCflKtBdBC ClIBCtt* (Of *̂ ^UCO QUdDOlQS >VC OtOUflbt

i geaeratty have been unable to duunuuiatt cupeiinirmHy a duetbuU for

-, cfibos. This has kd to die mumntinn by federal regulatory agencies (e.g.. EPA. Food

(FDA|, and Occupational Safety and Heakh Administration

re to a cituuogui dieoreticaUy entails some finite risk of cancer.

Depending OB the potency of a umific carcinogen and die level of exposure, uuwevu, such a

llysnuril.

i have developed several mathematical models to esanwe low-dose <

> from observed high-dote risks. Consistent'

EPA has trtrrtfd die Unearned •uliiiUji model based on prudent public heahB policy (EPA

I9«b). In addtooo to employing die Unearned innltistage model. EPA uses die 95 UCL for

doees or coucesttaoons in aanuul or hunuui studia to estimate low-dose slope facaan <SFs).

By unug du>w procedures, the icgulacory mfmf^ft are unlutery to underestunaie the an****

SFs (Ibmcrijr cahVd carcuugesuc puarnry nKtois) for uuuiaus.

Using SFs. litptunr excess cancer risks can be rmmatrd by:

Risk - E LAW, x SF,
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where:

LADIj = Exposure route-specific lifetime average daily intake, and

SFj = Route-specific slope factor.

Using the multistage model, the carcinogenic risks for the oral, dermal, and

inhalation routes of exposure are calculated as follows:

Risk - LADI. SF0 + LADI, SF, 4- LADI, SF,

where subscript "o" indicates the oral route, subscript *d* the dermal route, and subscript "i"

the inhalation route. SFs for the COPCs for the oral and inhalation exposure routes are

presented in Table 6-19. The EPA's weight-of-evidence classification for the chemical and

die type of cancer that may be associated with exposure to the chemical are also included in

Table 6-19.

6.433 AsMomentof Noncardnogais

Risks associated with noncaicinogeaic effects (e.g., organ damage, immunologkal

effects, birth defects, skin irritation) are usually assessed by comparing the estimated avenge

exposure to the acceptable daily dose, now called the RfD by EPA. The RfD is selected by

identifying the lowest reliable no observed advene effect level (NOAEL) or lowest observed

adverse effect level (LOAEL) in the scientific studies in which effects were observed, then

applying a suitable uncertainty factor (usually ranging from 10 to 1,000) to allow for

differences between die study conditions and the human exposure situation to which the RfD

us to be applied. NOAELs and LOAELs can be derived from either human epidemiological

studies or snonaTsnidks; however, they are usually based on laboratory expaimeuta on

animals in which relatively high doses are used. Consequently, uncertainty or safety factors

are applied when deriving RfDs to compensate for data limitations inherent in the underlying

experiments and for the lack of precision created by extrapolating from high doses in animals

to lower doses in humans. The five uncertainty factors commonly used are summarized in

Table 6-20. Modifying factors are additional adjustment factors based on professional judg-
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mem and are incorporated in order to compensate for factors other than the usual uncertainty

RfDs are generally calculated using (he formula:

(Uncertainty Factor) x (Modifying Factor)

The RfD is an estimate (widi uncertainty spanning perhaps an order of magiunidr) of

ihe duly exposure to die human population (including sensitive subgioups) that is likely to be

widmot an appreciable risk of deleterious effects during a portion of die lifetime, in die case

ofasuDchronicRfD. or during die entire lifetime, in die case of a chronic RfD. The RfD is

used as a reference point fee ganging the potential effects of other expusuies. Usually,

mfnmiiTt dot are less dan die RfD are not likely to be associated wim health risks. As die

fî fiî UCDCY Ov CXDORffd CXCBBflHHE OK HIMj IOCfC896S IDQ SS QIC SUC OK DOC CXOCSS IDddSCS

das probability increases doc advene heahh effects may be observed in a human population.

r̂ VHTd*1*". • ^^^ Muimniim that mintlA fWgnrJT* all eXpOSURS bdOW die RfD as

•acceptable' (risk-free) and all expoauies in excess of the RfD as 'unacceptable' (c

adverse effects) cannot be nade (HEAST 1992). Noncaicinogenic risks are usually.

by fikT»l«*"ti * hazard quotient, which is the ratio of the ruimatrri exposuie to die RfD as

follows:

RfD

HQ = Hauid
dX ™ ChronK Dafly huax (exposure), and
Rfl> — Reference Dose (acceptable daily intake).

Hazard ouoiifm are conBBonfy sunned across exposure routes to give a tumid

A « » • — a - ^^^^^^^ «t«^ I • •• rn^m* m iji AjKn^AM ^MM*. &k^ - - -*•-«-nauiu ""IT1 gRBBi Don i "•|i*^Ft am auvux ciieus uuy oe possmc.

of less than I means that adverse eflecu would not be expected. The higher the

is above I. die more likdy it is dial adverse effects
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EPA is in the process of developing subchronic RfDs based on potential noncar-

cinogenic effects associated with exposure durations ranging from a few weeks to seven years.

Short-term exposures can occur when an activity resulting in exposure is performed for a

limited period of time or when a chemical degrades or disperses to negligible concentrations

within a short period of time. The hazard quotient for subchronic exposure is obtained by

dividing the estimated subchronic daily intake (SDI) by the subchronic RfD.

Chronic and subchronic RfDs for the oral and inhalation exposure routes are

presented in Table 6-21. Other entries in the table that have not been discussed previously

are as follows: the confidence level indicates the degree of confidence that should be placed

in the RfD value and is usually obtained from the Integrated Risk Information System (IRIS)

entry for a chemical; the critical effect is the effect or target organ affected by the smallest

dose of the chemical that produces any advene effect and. that serves as the basis for the RfD;

the RfD source is the source or reference for the RfD. The preferred source is EPA's IRIS

data base, which contains confirmed values reflecting the consensus judgment of the agency.

The second choice is EPA's Health Effects Assessment Summary Tables (HEAST), which

contain information taken from final documents prepared by the EPA Office of Health and

Environmental Assessment. The RfD basis is the vehicle in which the chemical was

administered or die medium of exposure in die study(ies) that served as the basis for the RfD.

6.4.3.4 Route-to-Roote Extrapolation of Reference Doses and Slope Factors

Once substances have been absorbed through the oral or dermal routes, their

distribution, metabolism, and elimination patterns (biokinetics) are usually similar. For this

reason, and because dermal route RfDs and SFs are usually not available, oral route RfDs and

SFs are commonly used to evaluate exposures to substances by both the oral and dermal

routes. When this is done, the oral toxicity values are adjusted by dividing the oral SF or

multiplying the oral RfD by the chemical's absorption efficiency. This accounts for

differences hi a chemical's administered dose (i.e.. the oral dose) and its absorped dose.

Because the COPCs evaluated here are all volatile, an absorption efficiency of 100% was

assumed.

Although inhalation route bfoktaetics differ more from oral route kinetics than do the

dermal route kinetics, oral RfDs and Sfs may also be used to evaluate inhalation exposures
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(except in ite case of exposure-point effects) if inhalation route RfDs and SFs are not

available, and vice versa. Extrapolation of toxicoiogical indices from one route to another is

rophate if the critical effect for either route is a the point of contact.

Related to the Toxkaty

fa order to evaluate the mrming of any risk assessment, one most consider the

in the assumptions made, die potential myan of tyiiiBimive changes in those

on die risk estimates, and the relevance of the findings to real-wot Id

risks. Due to die number of assumptions, data points, and calculations, a degree of

is necessarily assoriaml with die numerical toxicity values in any risk aww

The COPCs have been tvihimil by EPA using its wqght-of-evidence

i and have been placed in Group A. human carcinogens, or Group B

cinogcm. based on sufficient data in humans or on mffii iria dan

: data in bsnaos. respectively (EPA I98tib).

: bioassay and epidrmiological studies, such as diose performed for rhe CX)PCs.

would require teas of dionsands of animals or humans in order to determine wnetfaer a

chemical may be carcmogemc at low doses. As die relationship between ii»i»n lor at ion, time

gone SF. animal bioassay or bamm epidemiological data are not routinely uiffkicui for

; SFs at low doses. Therefore, by necessity, agrnrifs such as EPA use

clarion modeb for estimating low-dose SFs. Based upon prudent pnbuc

policy, meae agencies assume dot there is no dveshoU dose bdow which carcinogenic risks

lulS tt OQuVVtfCOK wO Qt6 8UOIDBQQQ UUt CVC^V Q09£ ••DOWC XCfO OO IDnVICr

how low, carries widi it at least a small but finite risk of cancer. The models are based on

[ die dose-response reunonstup is linear at low doses. This is contrary to

I for other toxic effects, for which dvesholds are amnnnl to i

The cuiteui model favored by EPA and certain other federal

; model. The agency dien uses die statistically derived upper 95m
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percentile confidence bounds, rather than a maximum likelihood value for the SF. The

agency has concluded, based on theoretical grounds consistent with human epidemiological

and animal data, that cancer follows a series of discrete stages (i.e., initiation, promotion, and

progression) that ultimately can result in the uncontrolled cell proliferation known as cancer.

Consistent with this conclusion, the use of die linearized multistage model permits an esti-

mation of SF that is not likely to be exceeded if the real slope could be measured. However,

compelling scientific arguments can be made for several other extrapolative models, which, if

used, could result in significantly reduced values for SFs, many times lower than those

estimated using the linearized multistage model. The one-hit model, used to estimate risks

due to exposures above the linear range of the multistage model, is one such model. Thus,

most of the current EPA SFs calculated in mis fashion represent upper-bound values based on

animal data, which should not be interpreted as necessarily equivalent to actual human cancer

potencies. It is this conservative value, nevertheless, that is used in this risk assessment on

policy grounds for the protection of public health.

•

6.4.4.3 Evaluation of Noncardnogqiic Toxtdry Assessment Assumptions

Key assumptions used in assessing the likelihood of noncarcinogenic effects are that

threshold doses exist below which various noncarcinogenic effects do not occur and that the

occurrence or absence of noncarcinogenic effects can be extrapolated between species and

occasionally between routes of exposure and over varying exposure durations. The threshold
assumption appears to be sound for most noncarcinogeos based on reasonably good fits of

experimental data to the usual dose-response curves.

The other assumptions generally appear to be true to varying degrees. The effects

observed hi one species or by one route of exposure may not occur hi another species or by

another route, or they may occur at a higher or tower dose due to differences in the bio-

Idnetics of a compound in different species or when exposure occurs by different routes. The

uncertainty in these assumptions is taken into account in the development of RfDs through the

use of safety or uncertainty factors. These factors reflect uncertainty associated with species-

to-species extrapolation and include safety factors to protect sensitive individuals. In addition

to uncertainty factors, a modifying factor is applied to reflect a qualitative professional

assessment of additional uncertainties in the critical study and in the entire data base for die
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t explicitly addressed by the preceding uncertainty factors. The modifying factor

ranges from greater dan 0 to 10 wim a default value of I (EPA I989b).

The """̂ taMMy factors and modifying factors used by EPA are conservative iheakh-

protective) in nature in that diey lend to overestimate the uncertainties so that the RfDs

gre untikety to be too Ugh. Use of die resulting RfDs tends to overestimate die

I for nonraic inogenic effects occuriiug at a given exposure level.

i of Htfuuaci Doaes and a ape Fi

of RfDs and SFs adds an additional

tfwrngh dietr use. Such extrapolation may resnk in enter

i of die true risks for the extrapolated roue.

r to the risk nifiamrai proceaa. it appean to be piefeiabie to

: 0 a chemical by a rouse for which no RfD or SF b available from the

risk iiiiiimrm which would lead to imilnniniiarion of die overall risks pond by the

The basic yr***»*"ri<!« underlying die aaicswrnt of die loxiciry of a chemical

Uncertainties arising from die design, execution, or relevance of die
- - • --*^ m*̂ JH~̂  A^* AB^^B .§ . L__i_ - *• .L̂ - •scaBannc ilium i ma. loiaB me rasn 01 me asKssanerm, am

• II*r*1'""*i*« i"»n*"M »• »«tMpniatMj frm ttir imA ŷiup •rJMtift-

110 die expoaurc smmtion being evahmed, indudmg variable

rootft of exposure.

> may abo be imderesomaaed iioce many contammants do not have

toacirjr vamea 0-*- slope factors and RfDa). In most cases, this is bmutr not enough

i has been pa formed in order ID develop a slope factor and/or an RfD for a particuUr

Una may resuh in aa underearjmatioo of sne nsks.
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These basic uncertainties could result in a toxicity estimate, based directly on the

underlying studies, that either under- or overestimates the true toxicity of a chemical in the

circumstances of interest.

The toxicity assessment process compensates for these basic uncertainties through the

use of safety factors (uncertainty factors) and modifying factors when assessing

noncarcinogens, and the use of the upper 95th percentile confidence limit from the linearized

multistage model for the SF when assessing carcinogens. The use of the safety factors and

the upper 95th percenrile confidence limit in deriving the RfDs and SFs ensures that the

toxicity values used in the risk estimation process are very unlikely to underestimate the true

toxicity of a chemical.

RISK CHARACTERIZATION

6.5.1 Introduction

This section combines the information developed in the exposure and toxicity

assfiHinrnt sections to obtain estimates of the potential risks posed to human health by Conrail

She contaminants. The process by which this is done is also explained in this section.

Risks due to carcinogenic and noncarcinogenic contaminants are usually assessed as

discussed in Sections 6.4.3.2 and 6.4.3.3. Potential carcinogenic risks are assessed by

multiplying the estimated lifetime average daily intake (LADI) of a carcinogen by its

estimated SF to obtain the estimated risk, expressed as the probability of that exposure
resulting in an excess incidence of cancer (i.e., more cancers than would normally be

expected in that population). The potential for advene effects resulting from exposure to non-

carcinogens is assessed by comparing the chronic daily intake (CDI) or subchronic daily

intake (SDI) of a substance to its chronic or subchronic RfD. This comparison is performed
by M^tiarinj the ratio of the estimated CDI or SDI to the corresponding RfD, which is

called a hazard quotient or hazard index. If the hazard index is lesa than 1, no advene effects

would be expected; however, if the hazard index is greater than 1. adverse effects could be

possible.
The excess cancer risk or the hazard quotient for exposure to each chemical by each

route of exposure, exposure pathway, and exposure case (CT or RME) initially are estimated

separately. The separate cancer risk estimates are then summed across chemicals and across

0195



CoonilRI/FS
RIRepon
SeoiM6
Rev. 0 Man* 31. 1994

all exposure routes and pathways applicable to die same population to obtain die total excess

cancer risk for individuals in dm population. Hazard quotients for noncarcinogens are only

additive for chemicals that produce the same type of adverse effect (such as liver damage) and

should be kept separate if die effects are different Hazard quotients for snbchrooic and

chronic efleus were separately HBHiml across all chemicals, exposure routes, and pathways

! ID the same population to obtain hazard indices for dor population. Separate

hazard indices for difleteui types of effects were calculated only if die overall hazard indices

approached or exceeded I. Separate hazard indices were not ralmlatedtf the bulk of a hazard

value was due to a single chemical.

The three phases of die RI/FS were designed to characterize die

I sod coacanoation oa the site. Passable scarce areas were

1 oji a review of past acovibei at die site and previous sampiing

Potential source areas and migration pathways were dieo investigated using various field

i and by coUmmo and aaarysn of samples. In mis way, die nature of the

and its mm. to the bouts possible, was defined.

EPA has adopted die policy ptable exposures to I

i are generally those that represent an excess upper-bound lifetime ^ MK»» risk to an

I of between 1CT4 and UT6 m addition, EPA uses the IO* risk level as the point of

i for aeteraaaa t̂emediatioa goals for National Priorities List (NFL) sius.

For systemic nukauu (nonrarrtnogeni) EPA defines acceptable rapoauie levels as

those to which, das IBBBBB popMlaiiuQ. •chKfang Kutiuve subgroups, may be cmoard *"itHHPi

advuat efiects during a lifuiut or pan of a Idetime, incorporating an adeonMe nmgin of

safery (EPA 1989b). This arreptablf exposure level is best approximated by a hazard index

of 1. If the hauul index is less man I . advcist effects usually would not be cxpecsed.

beyond I. the posstoUiry of adverse eflem occurring
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6.5.2.3 Magnitude and Sources of Risks Posed by Site Contaminants

Tables containing estimates of exposures and associated risks for the scenarios

described earlier in Section 6.3.3 are located in Appendix H and are summarized in Tables

6-22 and 6-23, respectively. Risk and hazard index estimates corresponding to the CT and

RME cases are provided. According to EPA guidance (EPA 1989b), risk management

decisions should be based on risk estimates for the RME case in order to ensure that the

decisions are adequately protective of die public health. The CT case estimates are included

to provide a measure of the central tendency of the potential risks and the magnitude of the

uncertainty in the exposure assessment process.

Under existing site conditions, the highest estimated excess cancer risk (9.00 x 10~3)

was associated with residential groundwater usage in Plume 1 for the RME case. The bulk of

this estimated risk. 42 % . was due to ingestion of carbon tetrachloride in drinking water, and

28%, to inhalation of carbon tetrachloride and trichloroedtene in shower vapors. The total

contribution to the excess cancer risks in the groundwater usage pathway due to carbon

tetrachloride and trichloroethene is 61 X and 30%, respectively. Minor contributors to the

pathways are 1.1-dichloroethene (5%), vinyl chloride (2%), and chloroform (2%).

The RME hazard index for die Plume 1 groundwater padtway is 201. Carbon

tetrachloride accounts for 96% of die risk for the adult RME case, wim 48% of the total risk

due to ingestion of contaminated water and 48% due to inhalation of contaminated water. No

RfD or RfC values have been established for potential noncancer effects of TCE. Therefore,

TCE could not be included in the quantitative assessment of the potential non-cancer effects of

site related contaminants. .

The inhalation of indoor airborne contaminants in Plume 1 areas also presented a high

xcess cancer risk (1.71 x 10"*) for the RME case. The excess cancer risks for the

adult RME case are primarily due to carbon tetrachloride (93%), trichloroethene (2%), and

1.1-dichloroethene (5%). The hazard index for this pathway is 10, indicating that diere is a

potential for adverse noncardnogenic risks to these individuals.

The exposure-point concentrations used for estimating the groundwater usage risks are

listed in Appendix H. The exposure-point concentrations of carbon tetrachloride (2.48 mg/L),

chloroform (0.148 mg/L), trichloroethene (13.0 mg/L). and 1,1-dichloroethene (0.048 mg/L),

were well above their primary drinking water standards of 0.005 mg/L, (0. 1 mg/L [as total
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10 0.005 mg/L and 0.007 mg/L. respectively (EPA I991b). The groundwater

exposure-point concentration for vinyl chloride (0 0065 mgrL) is also above its primary

drinking water standard (0.002 mg/L).

Based on die risk estimates discussed above, residents of homes in anas located

above Ptune I (i.e.. Charles Avenue area. County Road I area, and Vmnla Avenue areas)

could potentially be iflrrml by growBdwater contamination directly iimpigh gtoundwMer

indirecdy dmwgb votariiirarioo of contaminant from the gtuundwaier to indoor

However, bom of die inhalation routes (shower vapor "**|f*iim and

indoor air Hi"larin"> are based on inamnnaiiral models that use conservative (i.e.. beaftm-

piuteuivc) assomptiom. The risk esnmases presented for the two mhalarion parfawsys may be

y risks associated widi i

•̂ Bsw •̂ •MOOsS i CXCCtt CtmVJOC&T ft*1Sw9 tuftO dCCQu tuC QODCT COD OK toB I9QB6 Of iTBfcS

I acceptabk by EPA. The giuuuJwaua usage RME risk is 1.45 x UT3. whjfe die

i risk from die indoor air inhtlarinn pathway is I. II x Iff5. Thebufkof the RME risk

for dss groundwater uadiway is due to hraitnt inhalation (90%),

for 95% of die nsks from exposure to indoor air. However,

chtaride auuwau for some of die cancer risks assoriattd widi die Plane 2

e* while chloroform and UKhknofthmf aK^mni for 2% and 3%. respectively, of die

indoor air inhalation pathway. The cApoiun.-point groundwater cuunsiatioos used m die

Phnue 2 risk estimate caJfulatinns for bom carbon tetrachloride (0.076 mg/L) and

! (0.01 mg/L) exceed die primary drinking water standard for both f«mp«»«'h.

i is 0.005 mg/L (EPA I991b).

The hazard index for dse RME case of die Phone 2 groundwater usage pathway is

4.16. Tms indicates dm a |iimmitl far adverse ooocarcioogenic risks to the aduh population

may cxisL The RME hazard mdex for die indoor air padiway, is less dim 1.0, iuilii atiiig that

dne are no apparent adverse snscssxioogcssc risks from exposures to dns pathway.

Tns tin i ets wufkei exposure ihHmgh inhalation of airborne ccwovnnsDrs on the

ConnflfaciliryahnpoaasiiouatM Carbon tetncbJoride

acconsB for 97% of dns risk, sad vinyl chloride fcccounts for 2.5% of therisk. The RME

hsasri index far dns pathway is 253. with carbon tetrachloride accuuuung lor 100% of dns
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risk. The exposure-point concentrations for this pathway are presented in Table H-17. The

model used to derive the ambient air exposure-point concentrations incorporates conservative

assumptions, and may result in overestimating the potential risk to Conrail railyard

employees.

Future scenarios evaluated in this risk assessment are limited to worker exposures,

since future residential exposures are expected to remain the same as the current scenarios.

The RME cancer risk to workers in a future excavation scenario is 8.50 x Iff* for the soil

contact pathway. Trichloroethene and vinyl chloride account for 81 % and 14% of the risks,

respectively. The noncarcinogemc risk to workers via mis pathway is 48.1. Acetone (6%),

carbon tetrachloride (5%), 1,2-DCE (67%), tthylbenzene (6%). and 4-raethyl-2-f>enGujone

(16%) account for this risk. Both the cancer and noncarcinogenic risks to workers from the

inhalation exposure pathway in a future excavation scenario are less than the EPA limits. It

should, however, be reemphasized that only VOCs were evaluated. No inference can be

made concerning the risks from exposure to non-VOC compounds.

6.53.4 Nattr* of Potential Advene Health Effects

The chemicals most responsible for potential cancer risks from residential Plume 1,

residential Plume 2, and facility-related worker exposures are carbon tetrachloride and

trichloroetbene. Benzene, vinyl chloride, chloroform, and 1.1-dkhloroethene also contribute

to the total risk. EPA has classified benzene and vinyl chloride as Group A. human
carcinogens, based on epkkmiological studies. Benzene affects Mood formation and the

immune system. Vinyl chloride has caused lung cancer m occupationally exposed workers.

Carbon tetrachloride, trichloroediene, and chloroform have been classified as Group B2,

probable human carcinogens, based on carcinogenicity in animals. The compound 1.1-

dicUoroethene is classified as a group C carcinogen; there is limited evidence that it is

carcinogenic to animals and. therefore, it is considered a possible human carcinogen.

She contaminants that could pose potentially significant noncarcinogenk health effects

include carbon tetrachloride. 1.1-dichloroethene, and 1,2-dichloroethene. In humans.

exposure to carbon tetrachloride may cause nausea, liver necrosis or cirrhosis, kidney

problems, and marked depression of the central nervous system. Humans exposed to 1.1-

dichloroethene have experienced hepatotoxichy and kidney dysfunction leading to
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htnopaboiagkal changes in the kidney. Humans exposed to 1 .2-dichloroetnene have

experienced decreased red blood cell counts.

are dreamed fatty in artier sections of this repon. Briefly, the fevd

of tuinlJrnre in the exposure fiijnw i is moderate to good. The lewd of confidence in the

toxicity estimates varies from cut mar al to chemical as shown in Tables 6-19 and 6-21.

Overall, the levd of coofidnicf in the risk estimates is also moderate to good. As

muni uniu. however, the naniie of the risk asst tsnitot piocus strongly uvots overeso-

nation of me tnac risks.

Malar Facftan Driving 1

There are nveiil exposure pathwiyi and chemicals dnviug die'

risks for the dona Site. These rista are primarily doe

clevjud levels mat anpraf to be associated wiib past rarfyard activities.

ThoaB raks to rcndeaci living in both Pluuie I and Ptume 2

i mat fircfd EPA's benchmark levels of 10"̂  for carcinogens and 1.0 for

! nrhtrd to cheaakab released during past raihyard activirjes that have

i nunb of the faciuy in groondwaKr. Exponre pathways contribataog H> these

dermal conuct wim waacr while

i of vapors whnc showenog. and ""Tirt***"̂  of wiif* aulminc contaott-

nants. Other potenoaHy significant risks esdnaied under existing oondsaoni are risks posed

to raflyard workers mrongfa inhalation of airborne contaniinarc volanTned-ftom;

I resadeajtial exposvrcs. The bulk of diis risk is due to

temcMoiMe. chloroform, trichlofountm. 1.1-DCE. and vinyl cnloride. Plane 2

of the risk

i of carhoB afiiai htonde, chlorofwnt, and benicoe. WoOucr

for one pamway, inhalaiiuB: the risk associated widi this pathway is

dne prinoriry to carboa tetrachloride with a smaller cootrftwdoa from vinyl chloride.
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Hypothetical future worker scenarios involving excavations on the Conrail facility

revealed noncancer risks via che soil contact pathway.

6.5.3 Risk Characterization Uncertainties

The risk characterization combines and integrates the information developed in the

exposure and toxicity assessments; therefore, uncertainties associated with these assessments

also affect the degree of confidence that can be placed in risk characterization results.

Sections 6.3.4 and 6.4.4 provide full discussions of the factors causing uncertainty in the

exposure and toxicity assessments, respectively.

For the exposure assessment, factors that would likely cause overestimation of the

true exposures were:

• The directed nature of the sampling program;

• The use of the upper 95th percent confidence limit on the mean or
the maximum observed value for the source concentrations:

• The use of many 90th percentile values in the exposure estimation

• The use of the steady-state assumption for source concentration
estimates for all but the soil excavation (future) scenario; and

• The use of transport models, which incorporate their own conserva-
tive assumptions, to estimate exposure-point concentrations in ambi-
ent (facility) air and residential indoor (basement) air.

Factors that could lead to underestimation of the exposures are:

• The use of some sample quantitation limits that could have resulted
in missing tow concentrations of some chemicals that might pose
significant risks; and

• Limiting mis evaluation to VOC compounds only.

A factor that could have led to either overestimation or underestimation of the

exposures is:

6-56

«:ZmM.CSMMVUm«l f) P fi 1v/ ** v 4



ComdRI/FS
RIRepon

Rev.O March 31. 1994

The UK of one-half the method detection limit to estimate non-
detected chenucal

The cumulative effect of all of die exposure uncenainties probably is to oven

raner dan underestimate the true potential exposures.

Bask uncenainties underlying die assessment of the toxicny of a chemical include:

Uncertainties Hiring from the design, execution, or relevance of the
scientifk studies that form the basis of the

• Uncenainties involved in extrapolating from the underlying «^
studies 10 the exposure situation being evaluated, including variable
responses to chemical exposures within human and animal popula-
tions, between species, and between routes of exposure.

These bask imcenaioties could result in a toxkiry estimate, based directly on die

•••iMlyjf^ smdies. that eidter under- or overestimates die true toxkfty of a rhrmiral in die

The mucky uinmrnr process compensates for diese bask iinrnrainries daough die

use of safety factors (uncenainry facion) and modifying facion when assessing

uuouiiunogens. and die use of die upper 95% confidence limit from die linearized multistage

model for die SF when assessing carcinogens. The use of die safety factors and die upper

95% CTffi^Mig* limit in deriving die RfDs and SB ensures dot die toxkiry values used in die

risk estimation process are very uoBkery to undeiestiume die true toxkityof a chnuiTal.

Seven) yHirky' facion need to be considered when discussing uncertainties

1 wmh the overafl risk duncaerization. These incuvfedieannubtiveeffect of using

i (teafeh-proiective) MiMnyiiinH duoughout die process, and de Kkdihood of the

I and estimaacd in die exposure assfiiruent acmatty occnmng.

The cnnnMstive effect of using conservative assumptions dironghout die risk

i process is dot die resulting estimates could substantially oversow die true risks.

The Rut Assessment Giada*ct for SHperfiotdnunal(EP\ I989b) tecoamends dot mdividn-

al pamncter vaues be sekcaed so dot die overall estimate of exposure represents an RME.

of a parameter is uukmmn and die risk assessor b

to select a value that is sufficiently conservative to avoid
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underestimating the true risk, yet not so conservative that the resulting risk estimate turns out

to be unreasonably high. When in doubt, the risk assessor will usually elect to err in favor of

protecting human health and select a value that results in overestimating the true risk. The

nature of the risk estimation process itself virtually ensures that the true risks are much more

likely to be overestimated than underestimated.

The last uncertainty factor to consider is the likelihood of the postulated exposures

actually occurring. The exposure pathways identified as complete under current land use

conditions are all plausible, and exposure is either presently occurring by these pathways or

such exposure could reasonably be expected. The postulated frequencies of occurrence may

overestimate routine occurrence but could certainly reflect the reasonable mMimBim occur-

rence.

Future land uses and potential exposure pathways are expected to remain largely the

same as under current site conditions. A hypothetical future railyard excavation scenario was

included in the risk assessment at EPA's request to evaluate potential risks to future railyard

workers if subsurface contamination was unearthed during excavation or soil moving

activities. This could occur if. in the future, underground cables, pipes, or tanks are

installed, removed, or repaired.

ECOLOGICAL ASSESSMENT

This Baseline Ecological Assessment (EA) focuses on existing and potential risks

posed by site-derived contaminants to nearby natural habitats and associated flora and fauna in

the absence of remedial action. This EA supports the remedial decision-making process by
tfre magnitude of potential risk to the natural environment This information can

then be incorporated into decisions regarding whether remediation is required, and, if so, the

extent of remediation,

The objective of this EA at the Conrail Site was to screen the surface waters and

sediments of nearby aquatic and wetland Ni*"*fflT for site-related contaminants to estimate the

potential risk that contaminants pose to the natural environment. Therefore, a screening-level

risk assessment was conducted using available or readily obtainable data with comparisons

based on established criteria and reasonable maximum exposure assumptions. The results of

this assesfmer* will be used to determine whether a detailed EA is warranted (possibly
0203
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including taxichy testing of field-collected media, additional chemical analysis of die n^rfia or

biological tissues, or modeling (EPA 1991c|). The determination of wheUin a more detailed

EA is wjiianted lies widi the Risk Manager l i e . EPA), and will be made based on die

resists of dus screening-level EA.

The EA was conducted according to die current regional and national EPA guidelines

specified m dts following dotunrm:

• Guidance for Conducting Remedial Investigation and FeaabiBty
Studies Under CERCLA: Interim Final (EPA'340/G-89A)04) (EPA

Risk Assessment Gmdence for Superfund, Volume U: Environmental
i Manm* (EPA/540/1-89*001) (EPA 1989c);

• Framework for Ecological Risk Assessment (EPA/630/R-92/001)
(EPA 199241: aad

• Region V Scope of Work for Ecological Assessment (EPA 1991c).

FoBowiag diese gwdehnes. die EA constsa of six subsections. FbOowiug dm

'section. Section 6.7 identifies die habitats and special ecological features of die

she. In Section 6.8. contaminants considered to be a potential dtreat to die natural environ-

ment are ilfBiified as Chemicals of Potential Ecological Concern (CPECs). and the criteria

used m die CPEC selection process are described. The exposure pathways and receiving

nasocal hahhaa are characterized in Section 6.9 along with »«"«*inrui «^pn««« and Section

6.10 describes die significance of die selected CPECs. Section 6.11 syudmues dse

preceding ecological 'mformation and presents conclusions. References used in das EA are

provided m Sccikiu 8.

Instnoadon n provided • previous sections of dtis RI icpoii on sin! **•*••I'HianTi

geology, hydrology, soils, and other characteristics. To avoid mdumUM y. reference is made

toi
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6.7 CHARACTERIZATION OF NATURAL FEATURES IN THE VICINITY OF
THE SITE

6.7.1 Introduction

The purpose of this section is to identify and describe natural and special ecological

features (e.g., endangered or threatened species) present in the vicinity of the Conrail Site.

Information was obtained from federal and state agencies and from observations made during

the ecological/sampling site visit, which was conducted in December 1992. The physical

setting (geology, hydrogeology, and climate) of the habitats will not be addressed, since the

physical setting for the entire area has been described in Sections 1 and 3. Likewise, the

nature and extent of contamination in nearby natural habitats is presented in Section 4, and

corresponding unabridged tables of chemical data are presented in Appendix E.

6.7.2 Characterization of Natural Habitats

The focus of the EA is on the risk to aquatic organisms from surface water and

sediments and to terrestrial wildlife from the surface water from Baugo Bay, the St. Joseph

River downstream of Crawford Ditch, and the three ponds on the southern boundary of the

Conrail facility (see Figure 2-5). These areas were chosen because they have the greatest

potential to be influenced by the migration of site contaminant*. Based on the results of die

three phases of field investigations, Baugo Bay may receive discharges of groundwater that is

contaminated with CC14 and TCE. Also, based on these investigations, Crawford Ditch

receives surface runoff via the drainage network on the Conrail facility. Crawford Ditch

flows north from the facility and empties into the St. Joseph River. The on-site ponds receive

surface runoff from the site as well as discharges from the Conrail drainage network.

6.7.2.1 CoonttSite

Elkhart and St. Joseph counties in Indiana lie within a transition area from forestland

to tall grass prairies (Risser et at. 1981). The city of Elkhart in Elkhart County and Osceola

and Mishawaka hi St. Joseph County are heavily populated urban areas. Plant communities

within die limits of such cities are isolated and rare. These isolated urban plant communities

probably exist because their locations are unsuitable for human habitation due to moisture,
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soils, or topography. Surrounding these three cities are agricultural zones with pockets of

native vegetation.

To the north, east, and west of the Conrail Site lies a heavily developed commer-

cial/residential zone. This uimmrai ul/residenual zone, located within the Elkhart city limits,

has been sigahVanrty altered by development (i.e.. excavations and filling). Therefore, little,

if any. native vegetation or natnral soil not irons are likely to exist adjacent to the site.

Instead, native flora and buna have probably been displaced with species more tolerant of

human dtstuibanto and activities. To die sooth of die Conrail Site lie agricultural areas with

pocifH of residential developm m. These farmlands can support a greater diversvy of

faunal and floral species.

The Indiana Department of Natnral Resources (IDNR) and the United States Fish and

Wldtife Service (USFWS) have been mntancd wim regard to daeatened. "«*^F""'. or

species and liamfirtui habitats within 2.Q miles of die site. The USFWS has

I no federally listed threatened or endangered species exist near the site (Hudak

1993). IDNR has indicated dot lav ihreMened. endangered, or rare species are located

wfthm 2 oiks of die site (Martin 1993). These species and their locations are listed in Table

6*24. No anpacts are expected to the two rare plant species from contaninants migrating

from die Conrail Site. Both sightings are historic, and the locations of the sightings have

been stgmncandy altered by development along die St. Joseph River. Abo, no inyain to the

badger are expected from the Conrail Site. The latest sighting was north of die St. Joseph

River and npgndient of the site. M addition, the badger is primarily terrestrial and not

fffT*****1 K> *****on xjoatic lesouurt in die site area. Two recent sightings of die Cooper's

hawk Miggut that k could posesDaBy be impacted by contaminants migrating from the Conrail

Site. The first sighting location overlaps die St. Joseph River downuream of Crawford Dtah.

BO OtC CflSlCfDBkQCt DOfld*

The portion of die SL Joseph Rrvet to the site is located approximately i

i uuiiifam of the Twin Dianth Dam. This dam has changed die river's characteristics

and fish habnat. The river in me area of die dam has become a Urge reservoir and tcdimrnt

trap widi no noticeable flow. The average flow rate in the area of die river is 3.255 cubic
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feet per second (United States Geological Survey [USGS] 1993). The average width of the

river is 500 feet to 700 feet and the average depth is 8 feet (Ledet 1979). The substrate is

primarily sand and silt, with a small amount of gravel (Ledet 1979). The river is intensively

used for recreational purposes. Several boat ramps exist along this portion of the river.

The IDNR Division of Fish and Wildlife has conducted fish surveys in the St. Joseph

River. Two of the sampling locations were located in the vicinity of the site. The first

sample location was upstream from the Twin Branch Dam at the Bittersweet Road Bridge.

This sample location is downstream of the confluence of Baugo Bay and the river. The

second sample location was the confluence of the river and Cobus Creek to V4 mile upstream.

This sample location is in the vicinity of the Phase III RI background sediment and surface

water sample locations for the St. Joseph River (see Figure 2-5) (Ledet 1979, 1989). The

results of the fish sampling effort are provided in Table 6-25.

A fish consumption advisory is in effect for carp (Group 2 Advisory) caught in the

St. Joseph River in Elkhart and St. Joseph counties (Indiana State Department of Health

[ISDH] 1992). A Group 2 Advisory indicates that adult men and women who are not of
»

chUdbearing age should consume no more than one meal containing carp per week, while

women of chUdbearing age should not consume any fish. A Group 2 Advisory indicates that

the levels of Chlordane, PCBs, DDT, and Diddrin exceed the Food and Drug

Administration's action levels for tissue. These levels are 0.3, 2, 5, and 0.3 ppm, respec-

tively.

6.7.2.3 B««o Creek and Baufo Bay

Baugo Creek, which is located upgradient and east of the site, flows in a northerly

direction until it crosses the Conrail tracks. This portion of the creek was used for the

collection of background samples (see Figure 2-5). North of the Conrail tracks, the creek

widens and forms Baugo Bay. Baugo Bay empties into the St. Joseph River near the Charles

Avenue residential area, and lies downgradient of die she. The characteristics of Baugo Bay

are similar to mose of the St. Joseph River (see Section 6.7.2.2).
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€.7.2.4 Poa«s>aa_IWc

Tbree unnamfd. apparently man-made ponds are located on the southern portion of

die Cbonil Site. Based on historic aerial photographs, these ponds appear to have been

conaraaed between 1952 and 1967. The poods and the area surrounding the ponds are

classified ia die National Wedaads Inventory < NWI) (1987) as paksthne open water.

uKnninendy exposed (POWG) and pakmrine fbtetted/saub-shrab. broad-leaved drrrtimn.

seaaonal (PPO/SSIQ wedands. respectively (NWI 1987).

The westernmost pond is approximately 450 feet long and 60 feet wide. At die time

off saBSpung. it was Beamed as 3 fleet 10 4 feet deep. A school of 3- to 4-inch minnows was

observed in dK pond. The site dnimgr netwuik discharges tluoiigli an outfall to dns pond.

The cater pond b aoproximaKry 4M feet long and 90 feet wide. It fonraincd 1 foot to 3 feet
-f __—»—— _— .^^ *MMA fut »«M^»1^MM ^ AA^*A«W^^ft4*M* •»n«*rl &* ••^M^Mk^S^M^AMk* ^£A f * •ot waaer at me nme ot saoapttBg. toe caamiBiiinr pom is appnMuemeiy jou icet long ami

75 feet wide, fc coataiacd 1 foot to 2 feet of wuet at die ume of sanaplaag. All dmx poods

ooaBned a dene layer of ssoacwort {Chan sp.), an erect algae.

b addition 10 die ponds, odter wnlaniii exist bodi nonh and aoodi of die Conrail

fadiry. as <FritMMrf on dK OsoeoU. Indtaoa, Wedands biveoiory Map (USFWS 1987).
aVAriA^A *^t •ft^^^k^ ^a^adA^Mktff^ ^^p^ •̂ ^^ •̂̂ •̂4%* •̂ •»&U i\ m I^MA a4k^^n ^ *«^B^ \̂ ••M! ^^*^m» IMM^^M k^k^^KMost ot ojeae weaanas arc iciauvuy man (i.e.. tea oian i acres .̂ ana nsiy nave oeen

disaarbed siooe danr mrhBioai on die w>ilanls map. These wedands are soamanzcd in Table

6-26. The wnlmdi all serve as recharge areas to die shallow aquifer. The ponds, whfle

; recharge areas to dK aqoiser. may also he discharge areas *p"«<'"e on die

kvebofdiewaii

CBDOCALS OF POTDfTlAL ECOLOGICAL CONCERN

gchxrion of conDMoaan of pnnatiil ecological concern (CPGCs) for

^vW DflaVCQ OQ loC OOla^DlaTttOB OC COfiflHCSl OOQCCflaW

If dk> cmn'fiiiaimiBt

end daatthe potential exitB for biota to be impacted.

-^ i,--- • - 12«™S»« * - ^L^ ^aoove fiCTcciion UIDID> P* me sorsace

; from die areas of ionrcin (St. Joseph River downstream of Crawford Ditch,
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Baiigo Bay, and the ponds). In contrast, numerous inorganics were detected. The results

were compared to chronic ambient water quality criteria (AWQQ for the protection of aquatic

life. Chemicals whose concentrations exceed the AWQC are listed in Table 6-27, and were

chosen as CPECs. There are no surface water CPECs for Baugo Bay. The only CPEC for

the St. Joseph River is lead. Lead and zinc are CPECs for the ponds area (see Table 6-24);

the values that exceeded AWQCs were detected in samples collected from the westernmost

pond.

6.8.2 Sediment

6.8,2. 1 Orguiio

Several volatile organics were detected hi the sediments collected from the three

locations of concern as well as in the associated background samples. Toluene was detected

in all areas, indicating an ephemeral toluene source may be present; however, the concentra-

tions were slightly above detection limits. Also, toluene is rapidly dissipated in the environ-

ment as indicated by no detections in surface water. Singular detections of 2-butanone

(MEK). CCI4, and dichloroethene (DCE), and two detections of trichloroethene (TCE) were

found in the sediments collected from the St. Joseph River. This pattern of detections

suggests no pervasive sediment contamination is present that would likely contribute a

significant risk to aquatic life. In addition, these contaminants are volatile and would be

expected to rapidly dissipate in open water. Finally, they were not detected in any surface

water samples, except for TCE. which was detected once at a concentration below its AWQC.

The first step in the selection of mdhnent CPECs was the development of sediment

quality criteria (SQC) for the compounds detected on site. To accomplish this, the equilibri-

um partitioning (EP) approach was used for non-polar organics in an at^

chemical morunent from one medium to another (EPA 19884). EP is based on the premise

that the distribution of a contaminant in an environmental medium (i.e., sediment) is

controlled by continuous exchange with other environmental media (i.e., water and biota).
.1

This distribution is in equilibrium or steady-state and is illustrated in Figure 6-3. EPA

(1988d) and the Ontario Ministry of Environment (OKIE) (1991) have used mis method to

develop a limited number of SQC values, which are listed in Table 6-28.
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For contaminanis having no EPA- or OME-calculated interim criteria. SQC values

were calculated using the following equation (DiToro a at. 1991):

SQC - f. x Km x PCV (or FRY) [Bq. 6-1]

SQC = Sfrfimrnf qualify criteria.
f^ = Organic fraction of the sediments (assumed to be 0.01).

K^ = Organic carton partition coefficient,
FCV 3 Foal chronic value, and
FRY = Foal residual value for

The itigafH'' fracooo or £._ was assumed to be 1%, which is a <

The KQC for each chemical was calnilatrd from the octanot-water partition coefBcie

! the following equation (EPA 19884):

Log. (KJ - OJOOQZS * OM3 * Lo^ (E.J [Bq. 6-2]

Calculafled Koc values were used rather than literature Koc values bcxausc the

for oexraaaiag K^, values are simpler than those used for I

Published Kg. values are probably more accurate than published K^. valu

I by disaotved ofganac uaibuu and panicle plfrin do not have to be

I or accounted for • <ipuiniini designed to (trtrrmine K^ vanes (EPA 1988d).

The EP approach cannot be perfumed on compounds with log K^ values less than

2.00. since these compounds are poor and readily dissolve in water. Therefore, this

approach cannot be used on vohvie organic*.

The PCV or FRV value was derived according to EPA guidance (Stepbao a a/. 1985)

by using the Genus Mean Acme Values (GMAVs) of die four n»« stmitive genera in order

»cafaabB*aruBJacuaevaJne(FAV). The FAV can then be divided by the acnDMteaok

ratio to yield the PCV. The calcniated FCV values are listed in Table 6-28. TbeAQURE
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(AQUatic toxicity information Retrieval) data base (EPA 1993) was used to obtain information

on the most sensitive genera. If contaminants weren't available on AQUIRE (e.g., indeno

(l,2,3-cd)pyrene and benzcKg,h,i)perylene), a similarly structured chemical with a conserva-

tive FCV value was substituted. Table 6-29 summarizes the SQCs calculated using the

method described above for freshwater. Note that the chemicals for which SQC had to be

calculated had only FCV. not FRV. values. Therefore, no FRY values are listed on Table

6-29.

As shown in Table 6-30, no organic CPECs were chosen for Baugo Bay or the St.

Joseph River downstream of Crawford Ditch. One sample collected from the St. Joseph

River downstream of Crawford Ditch exceeded the calculated criteria for 4-methylphenol.

This contaminant, however, was present in the background sample at a concentration greater

than the downstream sample. Therefore, it appears mat the contamination from 4-

methylphenol is not related to the site. For the ponds, five contaminants were considered as

CPECs: 4,4'-DDT. 4,4'-ODD, 4-methylphenol, fluorene, and Aroclor 1254.

*

6.8.2.2 Inorganics

To evaluate the inorganic sediment contamination, the OME Provincial Sediment

Quality Guidelines (PSQG) were used (OME 1991). The PSQG were developed for the

Province of Ontario. Canada, and, therefore are not legally enforceable in the United States.

However, since corresponding regulations for inorganic sediment quality are not available at

this time in die United States, the PSQG values serve as useful guidelines for identifying

potential CPECs. ThePSQG values are provided in Table 6-31.

The inorganic results were compared to the conservative Lowest Observed Effect

Level (LOEL). OME assumes that if the concentration is equal to or lower than the LOEL,

then no significant ecological impact is expected Therefore, if the results from sediment

collected from the areas of concern were less than the LOEL, the inorganic contaminant

would pose no significant risk to benthic organisms.

Because some of the background samples collected from Baugo Bay and the St.

Joseph River creffdH established criteria, the data sets were compared to each other to

determine whether a significant difference exists between the background results and the

sampling results. A t-test was calculated using the background and sampling data sets. This
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; due the variable of interest has a normal distribution with a common variance.

To check the variance, the F-test was calculated using the following equation:

fBq. 6-31

S|~ = the square of the standard deviation of sample group I. and
$3- = the square of the standard deviation of sample group 2.

The variance was statistically different if the calculated F value exceeded die labularrd F value

wnfc df | = n, - I and dfi - IH - Mdf « degree of freedom).

If there was a tuHwnn variance, the i-test was calculated •sing the following formula

indcyrnrtrnt of saoaple size:

* l/n,
0*6-4,

where: y, =* mean of sample group I.
>2 ~ mean of sample group 2.
D0 « specified value (assume 0).

» - /(n, - l)s,J * (n, - 1) i,X * n, - 2.

of uuiplej in data gronp 1.
of samples in data gruup 2.

vaine of rne ntnshtfri t vatoe was greater than the tabular t value for the 95%

{out for a- I degrees of freedom, (hen (he data sets were considered statistically

that did not have a CUHBIOTH variance (i.e.. failed die F-test). the

was used:
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t' « ' * — [Eq. 6-5]

and t' was rejected if:

(sf/n,) + (Sj'

Where tt and t2 are the critical t-vahies based on n -1 degrees of freedom.

The results of the t-test calculations for Baugo Bay and the St. Joseph River are

provided in Tables 6-32 and 6-33. respectively.

Based on the results of the t-test, there was no significant difference between results

from the background locations and results from the sampling locations for Baugo Bay and St.

Joseph River. Therefore, the contamination does not appear to be site-related. For Baugo

Bay, however, some of the mean concentrations were greater than two times the background

mean concentrations. The risk posed by this difference cannot be fully attributed to the site;

therefore, no inorganic CPECs were selected for these locations.

A t-test was not performed for the pond area because no background samples were

available for comparison. The following inorganics are CPECs for the pond area: arsenic,

cadmium, chromium, copper, lead, i"»ng*n<ff. mercury, nickel, and zinc.

6.9 EXPOSURE ASSESSMENT

Since no CPECs were determined for Baugo Bay or the St. Joseph River, the

exposure assessment will focus on the on-she ponds.
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«.f.1 CoattBBnaot Release. Migration, and Fate

The Coonil mlyaid is die suspected source of contammanoo to die poods. Two

migration mechanisms are potentially operating at the facility, stotm wacer runoff

and groundwater.

Contaminants migrating dvongh storm water runoff may be found in die water and

sediment of die ponds. In dus exposure scenario, contaminants could direcdy migrate from

die facility dtrongfa die drainage network. An outfall from die drainage net work is located in

die westernmost pond. Abo. die fOMw"ittM*» of concern can be carried by mqn-iyfcrl soil

€04. TCE. and DCE can serve as organic carrier solvents in groundwater to aid in

die nagrahon of predominantly insoluble organics The flow of groundwater beneath die site,

however, b towards the St. Joseph River. The ponds are upgradient of die river. Therefore,

die CPBCs would be prone to boftt nriguiion dnoogh die drainage network mfaer don

i by dissotuiiou in foOowed by iiugiauon wttfa git

Under existing and future site condkioiB. four general categories of ecological

leuquun might be exposed to CPECs at die Conrail Site. Potentially exposed teceptors

biota in die ponds:

wikttfc and terrestrial wildlife that depend on die
for a fiMiHBi of dieir food or

• Upland wildlife and birds dot use die ponds as a water source: and

• Plants growing along or adjacent to die ponds.

The potential exposure padiways for diese receptors vary

: uivc4iconics (espectaly hurrowtng taxa) and
fish are die pramcy receptors of contaminated sedime
dermal coma and Asorption. mgestwn. and. indirectly, by feeding
on contammated food.
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• Other fish and aquatic invertebrates that inhabit the sediment surface
and water column are primary receptors of water column contamina-
tion.

• Aquatic, semiaquatic. and terrestrial secondary consumers can be
exposed to CPECs through food chain bioconcentration and bio-
accumulation, and through direct contact and incidental ingestion of
contaminated sediments and surface waters.

• Aquatic plants are receptors of sediment contamination through
uptake from interstitial water.

• Plants growing on the site or adjacent to the water bodies could be
exposed through uptake by roots.

The potential exposure pathways and ecological receptors listed above were evaluated

for inclusion in the EA on the basis of affected media and CPECs. With the exception of

lead, which is a CPEC in St. Joseph River water, all other CPECs were detected in the ponds

and primarily in the sediments. Biota most likely to be affected by sediment contamination

are the benthic organisms. Therefore, for the purposes of this EA, only sediment-dwelling

organisms (benthos) will be evaluated for potential risks from exposures to CPECs in the

sediment pathway. Upland terrestrial flora and fauna were excluded from this EA primarily

due to the lack of any apparent off-site surface soil or off-site air contamination. This

exclusion includes potential effects to the Cooper's hawk, a state special-concern species.
Habitat requirements for the Cooper's hawk include a variety of different vegetative commu-

nities. The hawk prefers to nest in mature stands of trees, and males will not hunt within O.S >-

miles of the nest (Brown and Amadou 1989). Cooper's hawk will travel up to 2 miles from

the nest to bunt over open fields and along woodland margins (Brown and Amadon 1989).

Food requirements for Cooper's hawk consist of a number of medium-sized vertebrates

including chickens as well as some gamebirds (i.e., quail, grouse, and doves). Other favored

prey include robins, starlings, meadowlarks, flickers, and blackbirds. The Cooper's hawk

will also feed on chipmunks, squirrels, young rabbits, and bats (Audubon Society of New

Hampshire [undated]). Since die food requirements and nesting requirements were not

connected to the water bodies of concern, a pathway involving the Cooper's hawk was

eliminated.
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C.9J

EPA guidance describes ecological endpoints of two general types:

mrerneni endpoms. Assessment endpoints are "finmil expressions of the

J values that are to be protected" from impacts of site contaminants. Measure-

are "measurable environmental duraoeristkfs)... related to the valued

characteristic*!) chosen as ... assessment endpoinr(s)... a quantitative expression of an

obaerved or measured effect of the hazard* (EPA I989f). The * "in f|* off

r̂ fr""1"* is not generally applicable to a screening-level atsmmcnt b

ecological studies are usually not conducted. Assessment mdpoiai wUI be used in das EA

inilheuly through the use of Hteramre values of chronic and acuK eoxicky. bioacomdatiom

Since it is anposcmle to evaluate the effects of contamination on all of die potentially

exposed y^^tr*1 icceptors occuuing at die site, eodpoints most be umtod to a carefully

I set of poctntjal effects on • few indicator specici. Criteria for selection of UKtintcni

t for site investigations include die following: social tekvaace; biological relevance;

i definiuon: amenability to measurement or prediction; susceptibility to the

; and logical relationship to cleanup alternatives (EPA 19890.

Potential »"̂ p~«*« may be evaluated at die individual. fmrmlaTtAn < onnaiinHy. or

i level. In practical terms, however, good methods and data are available only for

das mdtvidual. popM*"*1** or i flmnaamj levets: ciUbU on ecosystems are not normally

*.!• TOXIdTT ASSESSMENT

Thhl aubatninaj of the EA consisa of die ecotoxicoiagical profiles of the CPECs

The fcuaouiicotogicil profiles (Niefly sommanze the dose-i espouse rdatioo-

loucenient*

derived fton chrome toxkiry tests, which are routinely conducted in laboratones undu
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6.10.1 Ecotoxicity Bencfamarks

Ecotoxicity benchmarks are calculated from toxicity test dose-response data that

describe the relationship between toxicant concentrations and biotk responses, i.e.. lethal

and/or sublethal effects, such as changes in growth or reproductive rates. The median lethal

concentration (LC50) and median effective concentration (ECjQ) are examples of two

commonly used mortality and sublethal effects benchmarks, respectively. The LCjQ is the

toxicant concentration that is lethal for half of the individuals of a test population, whereas the

ECjg is the toxicant concentration that elicits an adverse response from half of the individuals

in the test population.

Benchmarks describing responses to acute toxicity are usually reported as values

obtained through direct observations (e.g., LC50s and ECjQS). whereas benchmarks describ-

ing chronic toxicity are often expressed as estimates of the toxicity threshold concentration

(e.g., highest toxicant concentration causing no toxk effects). Chronic toxicity benchmarks

are indirect estimates because they are calculated by extrapolating data from relatively short-

term (usually from seven to 90 days) toxtcky tests to yield long-term relationships.

Lead

Btoaccuraulation of lead has been demonstrated for a variety of organisms, wim

bioconcentntkm factors typically ranging from 42 to 17.000 (EPA 1986c). Lead has been

found in high concentrations in mammals, fish. moUusks-crustacea. plants, mosses, and

lichen. This is because lead, and heavy metals in general, bond with ammo acids that may be

contained in proteins (including enzymes) or polypeptides. This characteristic of heavy

metals, in their organic forms, causes them to strongly bind to protein and other biological

tissue, increases btoaccumulattoo, and inhibits excretion. When lead levels reach or exceed

the toxicity threshold in the liver and kidneys, excretion and detoxification are affected. In

addition to accumulation in soft tissues, toxic levels of lead can accumulate in osseous (bone)

tissue.

Lead can be ingested directly from environmental media or indirectly through the

food source that has accumulated lead. Heavy metals, including lead, have been shown to

accumulate in a variety of wildlife species. In the vicinity of large piles of industrial tailings,

water snakes, bullfrogs, muskrats, green-backed herons, and rough-winged and bank swallows
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exhibited higher lead levels dowBtndient of the contamination site. Liven sampled from

bullfrogs fomaiird 6.3 ppm wet-weight lead. In four freshwater invertebrate species exposed

to lead, biucoaffmfation factors ranged from 499 to 1.700 (Borgmaoo. Kramar. and

Loveodge 1978: Atcfaison a at. 1977).

Lead also affects several blood parameters in wildlife. Dehydratase levels in blood

plasm are inversely related to lead levels. Canvasback ducks with blood lead tevds of 200

ppb had reduced dehydratase levels (ALAD enzyme) by 75% (Dieter. Peny, and

1976). In canvasback docks, this reduced levd of dehydratase in die blood canoes

tion of die hemoglobin. This, coupled with die fact that ducts have a short erytfarocyie hatf-

life of about 40 days, could result in physiological changes in oxygen "*+-v from lead

and die doady related presence of calcium, affect lead toxksty.

found » be dvee times more sensitive to lead in soft water dan in hard

(EPA 19Mn). Scuds were reported by Spehar a al. (1978) to be sensitive to lead.

Borgnoou, Kramar. and Lovendgc (1978) conducted i hard water life cycle study on:

and found mat lead levels as low as 19 *g/L significantly decreased survival but not growth

or reproduction. Chronic Into, taken from a cumulative percent survival figure, showed no

observed effect on survival at 12 j«/L and almost complete mortality at 54 pg/L.

Further demonstrating dm lead is more chronically toxic in soft water dan in hard

water is evidence dot 60% to 100% of trout exposed to lead levels of 50 pg/L and above,

over a 19-moam period, developed spinal deformities in hard water. However, when exposed

m soft water to lead levels as low at 31 pg/L, 44% to 97% of die trout developed spinal

s. Brook trout have been shown to develop spinal deformities due to lead

in a life cycle im (Hofcombe er oL 1976). Rainbow trow, northern pike, and walleye

I to lead in early life cycle tern have also shown such deformities.

Cafcmm seems to decrease lead toxicky by preventing me lead-induced precspoation

of mucus in fish. When fti ihwatf r fish are cipuatd to lead levels insufficient to cause *f"***v

but tuffifirnt to cause a fihn of adulated mucus to form, dwse organisms develop respiratory

This lead-induced film mat is pankutariy promraem over me gilb of dv fish and

lateral interferes widi die respiiatmy function of die gflls, cansmg i

distress and potentially death by suffocation If the film is shed, recovery occui
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Polychlorinated Biphenyls

Polychlorinated biphcnyls (PCBs) are fairly persistent in the environment due to their

chemical properties. PCBs are not likely to leach into the environment due to their extremely

low water solubility (solubility of Aroclor 1254 - 0.012 mg/L [EPA 1979]) and their

tendency to adsorb to soil organic matter. PCBs bioaccumulate but do not biodegrade or

volatilize readily. PCBs can be altered through phototransformation, and. when degradation

occurs, it takes place through oxidation, hydrolysis, photodecomposition, or biological

metabolism.

There is a direct relationship between the chlorine content of PCBs and their toxicity;

PCBs with higher chlorine contents are less easily metabolized. Also, being chlorinated

hydrocarbons. PCBs behave similarly to DDT and its metabolites, as well as to other

chlorinated insecticides such as Endrin, Dieldrin, and others. Acute toxitity to freshwater

aquatic life occurs at concentrations above 2 pg/L; however, sensitivity to PCBs varies

significantly. For instance, concentrations as low as 0.1 pg/L have killed some species of

fish, whereas other species have survived exposure to concentrations above 1.000 ppb (Eisler

1986).

Chronically low levels of PCBs found in sediments will continue to pose a threat to

wildlife, although not necessarily a direct lethal threat. PCBs may cause a predisposition to

disease as shown by laboratory studies on mallard ducks. Mallards became more susceptible

to duck hepatitis virus and suffered higher mortality when exposed to PCBs (Friend and

Trainer 1970). Additionally, metabolic rates are affected by PCB contamination and could

result in higher energy demand hi wildlife species with chronic PCB body burdens. PCBs

induce mixed function oxidase activity in the liver; therefore, levels of steroids could be

reduced and reproductivity influenced. They also act as synergists for some insecticides in

invertebrate systems. When mallard ducks were exposed to DDE, PCBs, and crude oil, egg

laying was delayed. Risebrough and Anderson (1975) also reported that when PCBs were

added to DDE treatments, there was a decrease hi number of intact eggs laid.

Copper

Elevated copper concentrations can affect aquatic ecosystems and cause changes in

community structure and nutrient cycling.
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The acne toxkiiy of copper to aquatic organisms decreases as water hardness and

increase. Chronic toxiciry. however, is not as strongly influenced by these

Aquatic species that seem especially sensitive to copper toxkky are «faffr««fa scuds.

nudges (duronoands). ind siuiis. These organisms are all important food orgjoums for

fishes (EPA 198Sb). and dieir diminatkm could result in a decreased fish podwiimi

such as sainxHUds could be dmnsated and irplatrd by

t, et al. (1982) summarized some effects of copper on i

shown by field studies. Scran experimentally polluted whh copper showed shifts m fish and

nonity suucune. When topper lonceiuiauous exceeded O.OS2 rag/L,

such as Pstpttena (beetle). Boats sp., and Su

(mayflies) disappeared, leaving cfaironaauds to dominate the community.

Zinc is a nutrient esscndal for the giuwtli and development of all living'
i&^» flhttt VM^^tf^M JMM^^MOHM I^BM^ tftM^IMtfl HMW^IMlMnM m MH^HIB^^Mk »ilM» AlWfe ^H^^MV ^MM| tn-njt

a sufficiency high excess could yield adverse effects. The range of i

< that is teadNy tolerated uiukjuuly varies Mnaig dtflereut ^p^nrr an

The ranges most nkdy also vary *iu» historic exposure patterns.

i ottius in many forms in uamial mcrtia. In surface watet, zinc is readfly

I and • cflnsiJtred one of die most mobile of die heavy "̂ T**!* This is I

i of zinc wilt common hgands m »mfa«? water ate iflin'tr m i

i and moat fish would pmnanly be arJeocd by dissolved zmc, but st B

poo faring hatws. that many uivertebi atci and fH*** rypes of fish cxT^ild

te *^ - - • m 1^^—— •̂i.fc^ -f ^-B^^^—JL^Jl «^KM ^̂ M!|
ajoecBBo oy mgeaoon ot suspcnoeo zmc as weii.

Acme miraTy of zinc increases as haidneu decreases. ToTicny

zinc has been found to btoaccnnmlate from 51 to 1.130

die watei (EPA 1987c). neshwaser aqnaoc orgamsms and
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their uses ate not expected to be negatively affected if the four-day average concentration of
zinc (ng/U does not exceed the numerical value of:

(0.8473) pn(hardnes3)l + 0.7614 [Eq. 6-7}

more than once every three yean on average.

Juveniles and adults are less sensitive to zinc than are earlier stages of saltwater

invertebrates and fishes. This sensitivity decreases as salinity increases. It is believed that

saltwater aquatic organisms and their uses should not be negatively affected if the four-day

average concentration of zinc does not exceed 86 pg/L more than once every three years, on

average.

CanOnUBI

Cadmium, a relatively rare heavy metal, is not biologically essential or beneficial.

Eisler (1985) reported that cadmium is a known teraiogen and carcinogen hi fish and wildlife.

Freshwater biota are especially sensitive to elevated cadmium concentiations. Cadmium

concentrations of 0.8 pg/L to 9.9 pg/L in water were lethal to several species of aquatic

insects, crustaceans, and fish, and concentrations of 0.7 /tg/L to 5.0 pg/L were associated

with suMetnal effects.

It is conservatively *«finf*t*H dm adverse effects on fish or wildlife are either

pronounced or probable when cadmium concentrations exceed 3 pglL in freshwater.

Growth of freshwater aquatic plants is reduced by cadmium at concentrations ranging

from 2 /tg/L to 7,400 pg/L. These values are in the same range as the acute toxicity values

for fish and invertebrate species and are considerably above the chronic values. Bioconcentra-

tion factors for cadmium in freshwater range from 164 to 4.190 for invertebrates and from 3

10 2.213 for fishes (EPA 198Sa).

As summarized by Eisler (1987a), arsenic is a teratogen and carcinogen to fish and

wildlife and can traverse placenta! barriers and produce fetal deam and malformations in many

species of mammals. Adverse effects of arsenic on aquatic organisms have been reported at
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ioBf above 19 pg/L in water. Acute tests showed effects in developing embryos of

and the reduction in growth of freshwater algae. Chronic stodks wah mass cnttnres of

phytopiantaon communities exposed to tow levehof arsenate(1.0 pg/Lto 15.2 pg/L) showed

that anenste differentially intnbits cerain plants, causing a narked change in species

Aooofding to freshwater miduc data, inemc does not bioconcentiaie to a, hisjfa

degree, bat lower lutim of a<|uatic life may ammiilaic higher araenac nsstdocs than fish. The

low BCF and short hatf4ife of aneak in fish tissue suggest ta icsidMS should not normally

by a |MuUun 10 ucdaiois of atniaik life.

and a cofarior for a i

aV BOC OHDiV wflQDC tO AflHfltlC OnUOattBDB* I OwCVaVIOC

from 1.5 mg/L to over 1,000 mg/L, and is not considered to be a problem

of at»tral species of rooted aquatic plants was ptopoHionai to the

-^^^^^ • - « ^^^rffc^^fcrfi *— ̂ LuK. tl*A^M^H^^ —^B^^^H—J ^ -• • W* »ocn IMC MCB icponco in IK iKcnnre fencwn nc OB CA*

DOT a.

wot ptr*^ 8̂ 010810 i&at aca
• •^ - _* AM^MKM^AM^Mtf̂ M* A» l«̂ ^ A« A £ ~M/I •XI|» •_n_.J» ....•SjB^M ^ 4«^̂ ^̂ ^̂ M» A«̂ M »̂M JSJV.uae ffrnii* at oonoeananoni as low as u.o pfi*- *•••* tL*nt •••••/ •> uesnwaaer anaaiii me

i of 1.090 «f/L DOB. Lower ooncrmiaiiiHi of i
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chronic toxicity of ODD to sensitive freshwater aquatic life (EPA 1980b: World Health

Organization [WHO] 1989).

The sublethal effects of DDT and its metabolites (DDE and DDD) to aquatic

organisms include impairment of reproduction and development, cardiovascular modifications.

neurological changes, changes in development and behavior, and biochemical alterations.

Information on the sensitivity of aquatic plants species, including algae, to DDT and

its metabolites is limited. However, studies with freshwater algae have shown a wide range

of sensitivity (EPA 1980b). DDT and its metabolites have been found to reduce photosyn-

thesis. Sublethal effects of DDD in mammals are numerous and include teratogenicity,

mutagenicity, and carcinogenicity. In birds, DDD can lower the reproductive rate by causing

eggshell thinning and subsequent embryo deaths. Bird species, however, vary greatly in their

sensitivity.

Bioaccumuiation is an important fate process for DDT and its metabolites in aquatic

systems. BCFs range from 103 to 10s.

Bom the acute and chronic toxicities of DDT and its metabolites vary between species

of aquatic organisms and life stages with early life stages (e.g., egg and larval) being more

sensitive than adults. Dapfinia reproduction is adversely affected by DDE.

Potynudcar Aromatic Hydrocarbons (PAHi)

Several studies on freshwater invertebrates and lower vertebrates have shown that

PAHs can produce cancer-like growths and cause teratogenic and mutagenic effects. Fish

exposed to hydrocarbon-contaminated sediments showed a significant number of liver tumors.

It appeared that these fish had absorbed PAHs from me sediment (EPA 1982). Data from

toxicity bkMSStys from several studies indicate the general concentration ranges of PAHs that

cause toxic effects (acute and chronic).

Reports have shown that PAHs at low concentrations tend to promote growth in

bacteria and freshwater algae and can be bioaccumulated in plants, aquatic organisms, and

wildlife from intake of contaminated water, sediment, and food. Extensive metabolism of the

compounds by higher-trophic level consumers has been demonstrated; therefore, food chain

biomagnificatkm of the compounds does not appear to be significant.
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Ooce absorbed by 01 gamma, mercury has a variety of deleterious effects on fish and

wildlife. These effects have been documented from laboratory studies, bat mere is a paucity

of information on the effects of mercury in field populations. In general, me laboratory data

show that mfK"iy is antagenK. teratogemc, neurotoxic, and carcmogenac, rj"*"*c adveue

effects oo cells, organs, reproduction, grow*, viability, and behavior. Early developmental

t are geaerafly the most sensitive to die adverse effects of mercury.

A vaiiety of (acton affect die touchy and btoaccunmlation of mt***my jp surface

Toxiuty it giejfeu at high temperatures and in rhe presence of other

Labomory fipnune offish to mercury in surface water causes sluggishness, loss of

i"«T"*i«" Piihotojicat tnponses in fish include brain lesions and cataracts

(Brier I9«7b).

In freshwater sediments, toiicity to benduc invenebrates octiai at relatively low
•____!_ - ̂  ^•^•MMMW MMM^^M^«i«^ ** AV^l^Mi^ i*M.jlaa K.I fMMC /1<M11\ * - -** * -•- - A fKVCB of iiifiTiifj OHifniiaiiiai ror exaaapte, HUOHM oy I/ME (iwi/ maicatea mat u.i

ng/tg dry ««tjht«the No Ob«errabk Effect Level, 0.12 n^kg is the Lowest Observable

Eflect Level, aod 2.0 mg/kg is the Limit of Tolerance above which most species are adversely

affected. These levels do not take biuaniinnntition from tfriimrnis into ai:« mini Tu&kJty to

bendnc Bvenebnes is l&dy to vary

have vaiiuus sensativities to die acute cffem of ndod with the

**" *<B~' ranging frnm 1,101 ^g/L for a dadoceran n 43.420 pg/L

for a fish. BCh for nickd range from 0.8 for fish to 193 for a dadoceran. Tenacity of

1 is ootrehnnd with hardness. Data available indicate that toncky

10 be qjniae kxtk to freshwater algae, wfeh concentrations as low as 50

redaction of growth. Patrick. Boo, and Larson (1975) found a

(fivuuty and a shift to green and Hue-green algae as a "iifffif^y effect

Their findhijs are in agreement with a field """̂ y r*mAtt*»A by Sptnrfr

(1981) in which an unnav in Woe-green algae was observed.
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Nickel is highly toxic to single-celled organisms. Bringmann and Kuhn (1959a.

19S9b. 1977. and 1981) reported that concentrations of 2.5 to.lSOO jig/L resulted in inhibition

of algae, bacteria, and protozoans.

Nebeker. Savonen. and Stevens (1985) conducted early life-stage tests with rainbow

trout embryos 4 hours and 25 days after fertilization, respectively. In the 4-hour tests, weight

was significantly reduced by all tested concentrations including die lowest of 35 pg/L. In die

25-day tests, survival was reduced at nickel concentrations of 134 pg/L and higher,.

A temporary reduction in growth occurred in brook trout and rainbow trout treated

with concentrations of chromium as low as 264 jtg/L. The bioconcentration factor obtained

with the trout is less than 3. Also, daphnids gave chronic values that range from < 2.5 to

40jig/L.

The toxicity of chromium increases as pH is lowered or as hardness is lowered or

both. Although there are exceptions, softer surface waters usually.have a lower pH than

harder surface waters.

The effect concentrations of chromium range from 2 Mg/L for blue-green alga to

7,800 jig/I* for a diatom. Toxicity of chromium to diatoms was tested at two hardnesses

(Academy of Natural Sciences I960).-The geometric mean of tiw concentrations causing a

50% reduction in growth was 245 *ig/L at the lower water hardness and 335 pg/L-at the

higher hardness.

Toxicity of chromium to btuegill was determined by the Academy of Natural Sciences

(1960) at two hardnesses. The 96-hour LC50s were 113,000 fig/L in soft water and 135,000

/ig/L in hard water.
Hogendoom-Roozemond et at. (1978) reported die toxicity of chromium at two pH

levels. They reported that young rainbow trout were more sensitive to chromium at pH 6.9

than pH 7.9. Van der Putte et al. (1982) found that chromium is more toxic at pH 6.5 wan

atpH7.8.
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i.lt.2 TMdcsiy

Tozkiry reference valses (TRVs) are toxioological beuthuuil* derived from the

available ttemure and are generally are well established and based on **n**mn tozkity

tests. The TRVs used in this EA are the Federal Ambient Water Quality Criteria (AWQC)

for evahmion of the contaminant fonrfntianons in uutbL^ water, and the Provincial Sfdimcm

Qottty Guidelines (SQG). EPA Interim Sediment Quality Criteria (SQQ, and me calculated

cnftfivu developed to Scctioo 0-0.2 of ttus omiiiimt lor rvihijiiOit 01 IOQUKOC cottuoMBitKMi.

AWQC are non-regnbury or non-binding values based on rf™*ilK' "rT'TT* of

ecological effects (EPA 1986c) AWQC were developed using standard common species wim

the BBent v proacct 95% of aO murtk1 specifi, and they are expressed as conpleis (i.e.,

c). Acme AWQC are based on LCgjs and address avenge K

' priiudi. whereas chrome AWQC are based on i

t (MATCs) and addrcii average unicant ooocentnooas over four-day periods.

€ chronic AWQC are 10 be exceeded more dun once every three yean on

The PSQG were developed for the Province of Ontario, Canada, and thurcfoie <

Ue in die Unwai Stales. However, since comspondmi

: onaliry are not avaflabk at dns time hi die United Stales, the PSQG:

110 identn>po«enaal ecological fanpaa PSQG are NologicaBy based and

I to protect sedment-dweOmg (benthk) orgamsms from contamii

Vahag of PSQO are given m mree caicgoiics: No Observable Effects Level (NOEL). Lowest

Obscivabk Effects Levd (LOBL). and Limit of Tolerance (LOT). Qntaminant concentra-

i are n***** to be evaraaied in the following manner?

If the concearaion is eqnai to or tower duo NOEL, the* ft passes
i no ecological impact is expected;

• below the LOCL. men no

If the concentration is Omni to or above the LOEL, bat
LOT, men •npacn to ***Titiipt are possMe; and

641
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• If the concentration is equal to or above the LOT. then significant
impairment of sediments used by benthos is expected.

6.11 RISK CHARACTERIZATION

In this section, the ecological risks posed by CPECs at the Conrail Site are identified

and summarized. In Section 6.11.1, risks are estimated using hazard index (HI) ratios

calculated using estimated exposure and toxkity benchmark values for each receptor. The

ratios are summarized and the principal uncertainties of the assessment are discussed in

Section 6.11.2. The ecological significance of the findings is discussed in Section 6.11.3.

6.11.1 Hazard Index (ffl) Ratio

The risks of site contamination were quantified by calculating an HI ratio for each

CPEC and pathway. The His were calculated as follows:

ffl = ED/TRV [Eq. 6-8]

where: HI = Hazard index;
ED = Estimated dosage or concentrations in medium: and

TRY - Toxicity reference value.

TRVs are the benchmark criteria described in Section 6.10.2 of this EA. The

estimated dosage (ED) or concentrations were either the maximum or the mean concentration

of a chemical in the location of concern. The His for aquatic organisms in surface water are

provided in Table 6-34. The His for sediment dwelling (benhic) organisms are provided in

Table 6-35.

An HI greater than unity (1) is typically selected as the point of departure for the

potential for chronic lexicological risk to a given ecological receptor.

6.11.2 Suvftvy of Risks and Uncertainties
For benthic organisms in the sediment and surface water, exposure to CPECs.

especially pa^mi'my copper, lead, zinc, fluorene, and 4-metnylpheaol, may result in adverse

effects. The His for the maximum concentration of these CPECs are as follows: cadmhim-

16.00. copper-24.16, lead-39.68, zinc-56.91, fluorene-10.24, and 4-memylphenol-8.50.

6-82
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aunganrtr. mercury, nkkel. DDT. ODD. and Arodor 1254 also had

Hb greaser than unity (see TaMe 6-2). but the magnitudes of the Hb were tower than the His

for the previously stand CPECs. The maximum concentrations were aU located in the

westernmost pood. As a result, resident biota receiving chrome exposures to the •^MB"?

and surface water may be at risk for toxk eflects by the current contaminani levels of all

Uncertainry arises from applying generic nationally based brurumiiln as TRVs for a

ific area. The beadnaarks were designed to be very conservative to pram sensitive

I of prisiinr cwuouni MI. however, the area of coucein in this EA is an uihan area,

I by agrfcntaaral bod. and is contaminated by various sources and therefore
fc afc^. 1̂ _1__ ••••••!• • ii i !!••proDBDiy uco senssuve ivwtu.

A rebsed sow t of mor originates u4uu the notion that ''̂ ''"'ir oigauunB tend to be
- Mn*M^-MA -^ —L^^-i—— I- t^^_ • •• M%L^_M VtjU* SCB A I OMWV • ««^^ --- -• - • • .more ii iiiiiKf to cnendcais DBB are rn*^nH DMU (ETA lyovi). Awyt, are ouivcu i

L^^k k^^Mb£^ --- • ^K^K^^^MK IMU^IA -j. ^^^ nf * Ufl^^^ *** ^1^«M^ m^jK^m^^* .̂̂ ^^IMA £«LA«MB«LB000 "•"•"•> ana ffHiKnn MOB, so ose ot A wyL. 10 ueiive seomeni ciictu mnereuny

an overesoiDBOOO of nsfc. This »u»j*^ of unrc nimtr errs in the conservative, (c

protective))

risks to the In mhif organisms from the CPECs i

to high. CPECs were detected only in die'

from ihe siae. Qancndy. there are no spn

or in the area, that wonld be affected by die potential risks posed by CPECs in

is a potential for some advene effects from exposure to CPECs to

in the ponds, it is um Icai what cflecu these affected nvfividnals aoay have

ao^ snwam. babte drvenity. or eco^nean as a whole, k should be

y die land uses on sice and indie arete

ss sne (i.e., agrssnhsnl, icstdenoal, and tndnstnal). Plifsital distnrbances from

bnd nses nnijr have (or have had n the past) more influence on populations in the ponds
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Table

ADEQUACY OF DETECTION

Omnfrtl

VOCa

Acetone

Benzene

DftMIIOdlCalOfOIDCulaUlC

BfOHMMBBQUM

Brofnoforai

2-Buttnonc

Carbon dinlfide

Carbon tetracfaloride

Chlorobflftfeiie

Chloroediaiw

Cblorofbnn

DibromochtominftliiDC

1.1-Dichloroedune

1.2-Dichloroelhane

UKIEUIED AT THl

6-1

LIMITS FOR CHEMICALS
£ CONRAIL SITE

SoBi/Scdlnaaiiti

Sunpk

UaftKtt/ts)

10-4.500

S- 1.300

5-1.300

10-1.700

5- 1JOO

10-4.500

5-1.300

5-1300

5-1.300

10-1.700

5- 1.300

5-1.300

5-1.300

5-1.300

CaacerRkk*

-

1.10B-12

4.54 E-12

-

2.76 E-13

-

-

4.54 E-12

—
• -

2.13 E-13

2.93 E-12

-

3.18 E-12

Hazard
badex

4.89 B-09

~

1.23 B-07

-

1J3E-08

9.7S E-09

-

3.50 B-07

1.23 B-08

1.63 E-09

2.45 B-07

1.23 B-08

2.45 B-09

-

Groaadwater/Stafaet Water

Sample
Detocttai

limtaWL)

10-50

10-50

10-50

10-50

10-50

10-50

10-50

10-100

10-50

10-50

10-50

10-50

10-50

10-50

fflpf»r Rifk

-

3.39 E-066

I.52E-056

-

9.24 E-07

-

-

1.52 E-03e

—
-

7.14 B-07

9.83E-06C

~

I.06E-05C

Hazard
Index

2.74 E-03

-

1.37E-02

-

1.37 E-02

5.48 E-03

2.74 E-03

3.91 E-OI

1.37 E-02

9.I3E-OS

2.74 E-02

1.37 E-02

2.74 E-03

--
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Tabtoi

ADEQUACY OF DETECTION

1 ,2-DkMoNMtfMM (loul)

1 .2-DkMaropropMM

1 .VDkMmopiopMM

ctnyBuixcnc

2 Hextnone (MBK)

4-M«hyl-2-p«nunoM

Mtihyl chtorkto

MrthyteM chlorkto

Sly KM

1.1,2,2-TMnchloroMhiM

TetnehlenMtlMM

TohMM

1.1.1-TrkhloroMhaM

1.14-TricMoiMftMi

INJTI1H, IEU AT 1 IU

UalM(M/kf)

5- 1,300

5- 1.300

3-1.300

5 1 ,300

3- 1.300

10- 1.700

10- 1.700

10- 1.700

3-1,300

5-1,300

5- 1,300

5-1,300

5-1,300

5-1,350

5-1,300

gBlhftllllHMIIII

CMCWRI*1

209B- I I

2 3 7 E - I 2

6 2 S E - I 2

-•

9.09 B- 13

2.6 B-13

I.05B-I2

6.91 B-12

1 .716-12

-

-

1.99 B-12

t-l

LIMITS FOR CHEMICALS
! CONRAIL SITE

HuaN
tatfn

J72B-07

2.45 E-OI

».I7E-07

2 43 E-OI

9.71 B-09

.-

4.01 B-M

1.23 B-09

..

2.45 E-OI

1.23 B-09

2.72 B-09

6I3B-OI

OiUM<i»ittf/Surfact Wtttr

Sanplt

U«toG4/L)

10-30

10-30

10-30

10-50

10-30

10-30

10-50

10-50

10-50

10-50

10-50

10-50

10-50

10-50

10-50

Ciactr Rtokk

7.02 E-05*

-.

7 96 E4)6e

2 \\ E-05C

--

--

••

I.52E-06C

1.77 B-07

3.51 B-066

2.34 B-056

5.97 E-06C

•*

-

6.67 E-06e

Ilitoird
ladn

3 04 H-02

2 74 E-02

..

9 13 1:01

2 74 E-03

3.48 b-03

•-

4.57 B-03

1.37 B-03

.-

2.74 E-02

1,37 E-03

3.04 E-03

6.85 E-02
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Table

ADEQUACY OF DETECTION

Chemical

••»-•-*_• ,|, ,.
tncniUIUMDNK

Vinyl acetate

Vinyl chloride

Xytenet

19CTKCTEU AT ITU

M

UMTTS FOR CHEMICALS
ICONRAILS1TE

SoUs/Sedhnents

Sample
DtttCtiM

Limits 0«/kg)

5- 1.300

10-1.300

10.1,700

5-1.300

Cancer Risk'

3.84 E-13

—
1.33 B-IO

-

Hazard
fades

-

-

-

6.13 E-10

Grmmdwater/Sorface Water

Sample

Limit* (pf/L)

10-1.000

10-50

10-50

10-50

CelDCtf Bit It

1.29E46*

—
2.22E-04'

-

Hazard
Index

-

..

—
1.37E-04

I
i

I

* Risk-based concentration derived by calculating UK risk of the lowest detection limit using the soil ingestkm pathway.
b Risk-based concentration derived by caJcnhrtng fee risk of the lowest detection Umk asmf me drinktaf water mfestion pathway.
6 Cancer risk value exceeds EPA's Iff* limit

Key:

- Not applicable.

Source: Ecology and Environment, Inc. 1994.



CoonriRIfFS
Mtepon
Seam 6
Rev. 0 March 31. 1994

hfelofZ

Tabled

DATA QUALIFIERS AND THEIR EFFECT ON
DATA USE IN THE RISK ASSESSMENT

No Yes No

•.II Vita in No Ye*
KBXJ

No No

No Yes Tcs

Vataci No Yei Yes

I.j No Yes

ildQLD

No Yes Yes

No No Yes

OCA)

U far tali Yes Yes

lAA No Yes

No Yes Yes
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Table 6-2

DATA QUALIFIERS AND THEIR EFFECT ON
DATA USE IN THE RISK ASSESSMENT

QusJUtr Dentition
Uncertain
Identity?

Uncertain
Coacentratioat

IncfedtData
MHttt
Rhk

Combuioa coefficient for MSA wu
test dun 0.995

No Yes Yes

Source: Ecology and Environment. Inc. 1994.
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TabfctO

SUMMAMY OF SOIL BOUNG DATA (• .5 TO 12 FEET BGS) FOR
ORGANIC CHEMICALS

19m B43

I/T7 19 B09 19

12 2JOO

Bit

B17

im
5^00

4.WO

BII 6.100

urn •22 71JF

avn BI9

1.1.1-1 im 1.3 «J

I.U-1 im 6.5

14JBOCF

B51 B32

torn 12J00B

6-99
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Table 6-4

SUMMARY OF GROUNDWATER DATA FOR
ORGANIC CHEMICALS C.g/L)

Chemical

Frequency

On-Ske Background

Range Detected

Minimum
Conccntntkw

Detected
Sample
Location

MaxJotum
Concentration Sample

Location

Volatile Organic CoatpaMida

Acetone*

Benzene*-1*

Bromodichloromethanea>b

Bromomcthane"

2-Buunone (MEK)*-b-c

Carbon disulfide*

Carbon letnchloride*

Chloroform*

1,1-Dichloroetnine1

1,1-Dichloroethene*

1,2-Dichloroelnene1

Methyl chloride*

10/64

2/64

1/64

1/64

3/64

3/64

26/64

IS/64

1/64

2/64

14/64

3/64

0/13

0/13

0/13

0/13

0/13

0/13

0/13

0/13

0/13

0/13

0/13

0/13

2

2

0.9

5.3

4

2

2

1

3

7

2

6

MW42-1

MW23D-3

MW7-I

MW46S-1

MW15-3

MW41-1

MW32I-2

MW5D-I

MW30BR-1

MW9-1

MW23S-3

MW14-1

29.S

3

0.9

5.5

7

3

94.500

525

3

56

230

74

MW4I-2

MW25-1

MW7-I

MW46S-1

MW21S-3

MW3-I/
MW46S-I

MW46S-I

MW46S-I

MW30BR-1

MW4I-1

MW41-I

MW46S-1

OS:ZF)»I.CUII«4/I1/M.F|
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SUMMARY OF GROUNDWATER DATA FOR
ORGANIC CHEMICALS 0»g/L)

IfirihMlana *4ilnpiit«B

TdrKhk>roeth«M (TCE)*

Tohwne*'*

I.l,1-Trid>|oroetlune*

l.l,2-Tridik)roMhMMb

TriebloroMhMM (TCB)1

Vfayl dttoridt*

rm.iim

oii-ate

3/64

1/64

1/64

6/64

1/64

43/64

1/64

tsr
0/13

0/13

0/13

0/13

0/13

0/13

0/13

•upDtfMMd

IMactaJ

1.3

3

3

3

2

1

6.5

Sunpfc

MW4I-2

MW32S-2

MW33MA

MW23D-2

MW4I-I

MW48-I

MW5I-I

DMKttd

3

10

3

76

2

13.000

6.5

Samplt

MW32S-IA

MW32S IA

MW33I-IA

MW92

MW4I-1

MW4I-2

MW31-I

b Dtueltd infraqiMnily ind 11 k>w cuncenuniuii.
8 Common laboratory •itMcl.

Sourc«: Ecology and EnvlroniMni, Inc. 1994.
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Table 6-5

SUMMARY OF SURFACE WATER AND SEDIMENT DATA FOR
ORGANIC CHEMICALS

Chemical
Fic(|ucucy of

Detection

Ranee Detected

Mtatamm

Detected
Sanate
Location

Maxhnwa

Detected
Sana*

Surface Water Velatfle Organic Compound! (pg/L)

Tridiloroetheoc (TCE)b 1/25 35 SWI3 35 SW15

SedhMM Volatile Organic Compounds Otg/kg)

Acetone0

2-Butanone (MEK)*

Carbon tetracbJorideb

l,2-D«chtoroetneaeb

Methyfene cUorMfc*

Toluene6

Trickloraeiheae<TCE)b

5/23

1/25

1/25

1/25

11/25

5/25

2/25

17

44

67

32

6

2

12

SD06

SOU

SD10

SD15

$027

SD13

SD15

100

44

67

32

46

15

100

SDOB

SD14

SO10

SD13

soot
SD05

SD10

b Detected iaftequeoity and «low concentration.
c Comnon hAoraioiy artifact.

Source: Ecology and Environmem. Inc. 1994.

6-92
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SUMMARY OF CHEMICALS OF FOTENTIAL CONCERN
FOR THE CONRAIL

VOOi

.(MED

1.1

1.1

I.I.I

19*4.

6-93

0238



Conniil Rl/HS
RIRepon
Section 6
Rev. 0 March 31. 1994

Page 1 of 2

Table 6-7

SUMMARY OF POTENTIALLY COMPLETE EXPOSURE PATHWAYS
EVALUATED FOR THE CONRAIL SITE

Receptor

Facility Workers
and Visitors

Nearby Residents

Exposure Point

Classification Yard
of the Conrail
facility

Plume 1 Anas
(County Road 1.
Charles Avenue,
and Vistula Avenue
areas)

Exposure Pathway

Vapor inhalation

Dermal contact

Incidental ingestion

Drinking water

Dermal contact
while showering

Indoor air vapor

Vapor inhalation
whde showering

Exposure Media

Airborne Vapors

SutMurface Soil

Groundwaler

Indoor air

Vapors

Derivation of Exponre-
Pohat Concentrations

Modeling of vapor emissions and
air dispersion

Subsurface soil concjeonatious

Groundwaler concentrations

Modeling of soil gas intrusion into

Shower stall volatilization model

Bub for
Source Conceairtiiiou

surface soil (0.5-12 feet) and
groundwater in the classification
yard

Measured concentrations in sub-
surface soU (0.3-12 feet) in the
rtaff ification yard

Measured groundwater concentra-
tions in plume flowing norm and
west from die Conrail facility
towards St. Joseph River

Measured groundwater concentra-
tions in plume flowing north and
west from the Conrail facility
towards St. Joseph River

Measured groundwater concentra-
tions in plume flowing north and
west from me Conrail facility
towards St. Joseph River

O
N
CO
CO
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RicepXf

Nearby RnidMta
(Cow.)

Tabltt?

SUMMARY OF POTENTIALLY COMPLETE EXPOSURE PATHWAYS
EVALUATED FOR THE CONRAIL SITE

IlpWWt MM

Plum 2 AIM
(LaRiM Street irca)

•

EipMMv Pathway

Drink H*wattr
tagMiOB

Dermal coouci
while sliowertag

Vapor iotalHion
whik thowwkii

Indoor ak vipor
1— i.-i-|i- —

EkfMtira Maafe

Oroundwuir

Vapon

Indoor air

D*rWailM «t bftmn-

Shower uall voiiiilizaiion model

ModeliBf of toll |ai Inflhmion
Into mldanital buUdlngf

•Mtafer
Smirc* Connnlrullon

Mewumi grotimlwaicr concintra-
lioni in pluma flowing mirili from
ma cad ponkm of ihe Connil
facdky towirdt St Joseph River

Me»ured grounJwuer cunccnira-
lioni in plume (lowing north from
the ei»! ponwn uf the Conml
ftciltcy lowardi Si, Joneph River

Measured groundwaier concenira-
tioiu In plume Howlng north from
iba tail ponkm of (he Conrail
hcilliy lowardi Si, Joicph River

Sourcti Bcotogy and Bnvlronmaw, Inc. 1994.

O
ro



Conrad RI/FS
RIRepon
Section 6
Rev. 0 March 31. 1994

Page t of 1

Table 64

MAXIMUM AND UCL CONCENTRATIONS OF
SUBSURFACE SOILS (0.5-12 FEET BGS)

Charieal

Acetone

Benzene

2-Bwnme

Carbon tetnchloride

Chtorofcra

l.2-Dicaloroethene

EoryibcBiepc

4-nwtiiyt-2-pei)ianoaG

Methyleae chloride

TMracUonmneM

Toluene

^r,*B^t •••A« ••I ncuomneoc

VtaylcUoride

Xyfam

(••ykg)

5.4QO

19

2^00

29

3

5.600

4.700

6.700

71.5

7

145

14.000

8

12,000

Upper

Lfafc
(of/M)

5.943

—

—

—

—

—

—

—
25.3

6.69

25.5

7.707

—
-

•» Noc nlrtlf**^ due to ImiCEd nunibcf of smpicft.

Source: Ecology and EovtroonKm. Inc. 1994.
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Tabfc«-f

FACILITY WORKER EXPOSURE:
PATHWAY LA - INHALATION OF AIRBORNE VAPORS

m C A t l R i E T f t E F x E D

BWiAT

CA -
at -
ET -
EF -
ED -
aw -
AT -

CA CT/RME

CT/IME 19fId

ET CT/RME

CT/RME 250 d«;i/|Mi (EPA I99U)

ED CT 3 ycaa (USOL 19f7)

25ycan<93*|
ifEPA1991*D

CT/RME 70 k| !fEPAI99UD

AT CT/RME

CT-

UO.«U|ppv«S|
•TLjkor.

c. 1994.

6-97 0242
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Table 6-10

RESIDENTIAL WATER USAGE:

PATHWAY 2A - INGESTION OF CHEMICALS IN DRINKING WATER

(AND BEVERAGES MADE USING DRINKING WATER)
ADULTS

Equation:

Intake

where:

pur _ i~Hi__

<m./k.-dav>- C W x I R x E F x E D

OL " Ingesttoo me (L/day)
EF « Exposure frequency (days
ED - Expoture duration (yean
BW - Body weight (kg)
AT - Avenging time (period o

Variable

CW

IR

EF

ED

BW

AT

Riciptir

Adok

Aduk

Adult

Aduk

Aduk

Aduk

B W x A T

I water (rag/L)

i/year)
»

ver which exposure n

CaM

CT/RME

CT

RME

CT/RME

CT

RME

CT/RME

CT/RME

avenged, in days)

Vahw aUttaaafa/Sewx*)

MiihiBim coactumtioM detecud in
flmimtog wells

1.4L/day(EPA1993b)

2.0 L/day (90* percentik (EPA 199UD

350 days^ear (EPA 199U)

(EPA 1993b])

30 yean (90* percentile time at one
residence (EPA 199UD

70 kg (avenge (EPA 1991aD

noacarcinog«aic effects (i.e.. ED x 365
days/year), and 70-year lifetime for
carcanogenic effects (i.e.. 70 yean x 365
days/year)

Key:

CT - Central Tendency.
RME = Reasonable maximum exposure.
Source: Ecology and Environment, toe. 1994.

6-98 ecology MM! environnwm
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PATHWAY 2B

t-11

RKSDENTIAL WATER USAGE:
DERMAL CONTACT WITH CHEMICALS DURING

ADULTS

C W t P C x S A i E T i E F x E D x C F

BWiAT

(cm*r)

AT •

CW CT/ttffi

CT/UIE l<EPA199]c)

CT
(EPAI992cfi

23 400 OB* (93* |
(EPAI991cD

ET CT/RME
(EPA 19194)

CT/ttffi 390 4qrWynr (EPA 1991*)

ED CT
[EPAI993M)

30!
(EPA199UD

CT«ME 70 kf (mn«B R9A 199bD

6-99
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Table 6-11

RESIDENTIAL WATER USAGE:
PATHWAY 2B - DERMAL CONTACT WITH CHEMICALS DURING SHOWERING

ADULTS

Variable Receptor CMC Vita* (Kith

AT- Aduk CT/RMB Padnvay-ipeciflc period of exposure (or
noncartinoieiiic effects (i.e.. ED x 363
days/yew), and 70-year lifetime for
carcaofeak eflecu (Le., 70 years x 36S
days/year)

Key:

CT
RME

Central Tendency.
Reasonable maxnw exposure.

Source: Ecology and Environment. Inc. 1994.

6-100 0245
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ion

RESIDENTIAL WATER USAGE:
PATHWAY 2C - INHALATION OF AIRBORNE (VAPOR-

DURING SHOWERING
ADULTS

kSQCHEMK ATC

CAi Bt I ET it EFxED

BW K AT

CA
K
ET
EF
B>
•W
AT

I BUT

Bo*
A«w

ftD

CA CT/UIE

0.«3 |EPA

BT CT/IME OJ hr/dn (12 i
19I94D

!|EPA

CTJ 390 tfqrs/yor (EPA Ifflc)

ED CT 9 feus (50*

30 yon (9M|
!991aD

CT; 10 k| (rrtn(e (EPA I99UD

AT CT/RMB

1994.

6-101
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CoorailRI/FS
RIRepon
Section 6
Rev. 0 March 31. 1994

Page 1 of I

Table 6-13

RESIDENTIAL EXPOSURE:
PATHWAY 2D - INHALATION OF INDOOR AIRBORNE VAPORS

ADULTS

E^utioa: Intake ftn«/k«iav> - CAxIRx ETx EFx ED
BW x AT

where:

CA - Contaminant concentration in air (rag/m3)
IR « Inhalation rate (m3/hour)
ET - Exposure time (noun/day)
EF - Exposure frequency (days/year)
ED - Exposure duration (yean)
BW • Body weight (kg)
AT •* Averaging tune (period over which exposure is averaged, in days)

Variable

CA

IR

ET

EF

ED

BW

AT

Receptor

Aduk

Aduk

Aduk

Aduk

Adnk

Adttk

Adnk

Case

CT/RME

CT/RMB

CT/RME

CT/RME

CT

RME

CT/RMB

CT/RMB

Value (Rationale/Source)

0.63 afar (EPA 199U)

24 hours/day (EPA 1991a)

390 days/year (EPA 1991a)

9 yean (30m percenule time at one
residence (EPA 1993bD

30 yean (90di perceutile dae at one
residence JBPA 199UD

70 kf (average {EPA 199UD

PaBrway^epecnic period of exposure for
Bootircsaogeafc effects (Le.t ED x 369
dayt/yearXaad 70-year Hfettae for

365 days/year)

Key:

CT - Central Tendency.
RME - Reasonable maximum exposure.
Source: Ecotogy and Environmem. Inc. 1994.

6-102
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Tableau

FUTURE SCENABIO FACILITY WORKER EXPOSURE:
PATHWAY 3A - DIGESTION OF CHEMICALS IN SUBSURFACE SOIL

C S i l R i C F K E F x E D
BWi AT

CS -
• -
CF -
EF -
ED -
BW -
AT - A

rsf*(\O*tymQ

CM

CT/IME

CT

•ME 1993k)

CT

290 fcfK>m (EPA

ED CT/KME

CT/niE TO h| |EPA 199UD

AT CT/IME

diji tfjvm).
(L*^EDx363

(Le^TOyon*

CT

UCL»U|ppw95|

1994.

6-103
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Table 6-15

FUTURE SCENARIO FACILITY WORKER EXPOSURE:
PATHWAY 3B • DERMAL CONTACT WITH CHEMICALS IN SUBSURFACE SOIL

**"**"•• Absorbed Dose ,ma,kB-dav> = «« ABSiCFxSA* AF»EF*ED
BWx AT

where:

CS « Chemical concemntion in soil (dig/kg)
ABS - Friction absorbed (unufess)
CF = Conversion factor (10*6 kg/mg)
SA = Skin surface area available for contact (cnr/event)
AF = Soil to skin adherence factor (mg/cnr)
EF - Exposure frequency (days/year)
ED » Exposure duration (yean)
BW - Body weight (kg)
AT = Averaging time (period over which exposure is averaged, in days)

Variable

CS

ABS

SA

AF

EF

ED

BW

AT

Receptor

Adult

Aduh

Adult

Adult

Adult

Adult

Aduh

Adult

Case

CT/RME

CT/RME

CT

RME

CT/RME

CT

RME

CT/RME

CT/RME

CT/RME

Value (Rationale/Source)

Modeled value based on UCL or
maximum observed soil (umeimaiimia

Chemical-specific vatae

5.000 cm2 (EPA 1992c)

3,800 cm2 (EPA 1992c)

1.0 rag/cor (EPA 1992O

65 daya/year

250 days/year (EPA 199ia)

1 year

70 kg (EPA 199U)

noocarcinogenic effects (i.e., ED x 365
daya/year). and 70-year lifetime to
carcinogenic effects (i.e., 70 years x
365 days/year)

Key:

CT * Central Tendency.
RME « Reasonable maximum exposure.
UCL = Upper 95 percent confidence limit on the arithmetic avenge.

Source: Ecology and Environment. Inc. 1994.
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TaMe6-16

FUTURE SCENARIO FACILITY WORKER EXPOSURE:
PATHWAY 3C - INHALATION OF VAPORS FROM

NEWLY EXPOSED CONTAMINATED SUBSURFACE SOILS

CA
K
ET
EF
ED
BW
AT

C A i O t s E T s E F x E D

B W i A T

(kg)
: a avenged, it days)

Cm V«li

CA CT

RME

fron UCLori
•vent* overate*

fnmUCLor
over 2SO Aq«

CT/U4E 20 1991a>

ET CT/RME I99U)

EF CT

RME 250 dqnlyev (EPA I9»l«>

ED crmME lyear

CT/RME 10 kf (EPA I99U>

AT CT/RME

toys/year). ••* TO-yew MBOMB for
/• • Ttt ̂ H^MW V ^IM

CT -CcMUTe

Oa.-Up.w95, ioa*e •venge.

toe 1994.

6-105
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Tabk 6-17

DERMAL PERMEABILITY CONSTANTS
FOR WATER AND DERMAL ABSORPTION

COEFFICIENTS FOR SOIL USED
IN THE CONRAJL SITE RISK ASSESSMENT

Chemical

Acetone

Benzene

Broniodiclilofofncfnaiie

2-Buwone

Carbon Tetracnloride

Chloroform

1 t-Dichtorotihtnc

U-Dfchtoroe«bene

1,2-Dichloroetbene

Eihylbenzene

Methyl Chloride

MedryteM Chloride

Methyl uobutyl KCIOM

Tetrachtoioeihene

Toloeae

1.1.1-Trichloroenuae

TncUoroedtene

Vinyl Chloride

Xytenes (toal)

Water Deranl
Permeabttty

0.00057

O.I 1000

0.00580

0.00110

0.02200

0.00890

0.00890

0.01600

0.01000

-

0.00420

0.00450

-

0.04800

0.04500

0.01700

0.01600

0.00730

-

Reference

EPA1992C

EPA1992C

EPA1992C

EPA1992C

EPA1992C

EPA1992C

EPA1992C

EPA1992C

EPA 1992c

-

EPA1992C

EPA1992C

-

EPA1992C

EPA1992C

EPA1992C

EPA1992C

EPA1992C

-

SoflDeraul
AtM.-_M44MMADBocpiiaB
Coeffldents

0.001

0.001

—
0.001

0.001

0.001

-

-

0.001

0.090

—
0.001

0.030

0.030

0.030

0.001

0.001

0.001

0.030

Reference

EPA 1993

EPA 1993
_

EPA 1993

E ft £1993

E ft £1993

—

—
EPA 1993

EPA 1993
_

E ft E1993

E ft EI993

EPA 1993

EPA 1993

EPA 1993

EPA 1993

EPA 1993

EPA 1993

Key:

- Not applicable.

6-106 mvinHtnwM
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Table 6-19

TOXICITY VALUES FOR POTENTUL CARCINOGENIC EFFECTS: CONFIDENCE IN
CLASSIFICATION AND IN SLOPE FACTORS (SFs)

Chemical

Acetone

Bttiienff

pf jmu^jilnhlnEgmMtll*— -~

2-Butanooe

Carbon ttmchloride

Chloroform

I.l-DkWoroemaac

U-Dkhloroernme

U-DkbtoroemeM

Efty benzene

Route

Oral
Inhalation

Oral
• ~» • --! .mnaiaiion

Oral
blialation

Oral
mhmbuion

Oral
bhaUtion

Oral
mhalation .

Oral
Inhalation

Oral
mhalation

Oral
mhalation

Oral
mnabiion

Slope Factor
(SF)

dm*«-d.y)

ND
ND

2.9E-02
2.9E-02

6.2E-02
6.3E-03

ND
ND

1.30E-01
5.23 E-02

6.10 B-03
I.10B-02

ND
ND

6.00 E-Ol
1.80E-01

ND
ND

ND
ND

Weifht-of-
Evidence

ClMjIffcaltai

D
D

A
A

B2
B2

D
D

B2
B2

B2
B2

C
C

C
C

D
D

D
D

Type of Cancer

NA
NA

Leatania

Kidney
NA

NA
.NA

Uver
.Liver

Liver
Uver

NA
NA

Adrenal
Kidney

NA
NA

NA
NA

SF Basb/SF Source

NA/IRIS
N A/BUS

OUS
IRIS

Oavafe/TJUS
NAyTRB

MAORIS
NA/IRIS

Gavage/DUS
Gavafe/DUS

Gava|e/IRIS
Oavage/ntlS

NA/DUS
NAyDUS

Drinking waier/IRIS
Inhatotion/IRIS

NA/IRIS
NA/IRIS

NA/IRIS
N A/IRIS
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TOX1CITY VALUES FOR POTENTIAL CARCINOGENIC
CLASSIFICATION AND IN SLOPE FA

^ ,̂r.

MMkylChlonto

MMbylMM chlorUt

4 MaihyH piMMMi

TalnciiloraMlMM

TokwiM

1.1,1-TrlcMoraduuM

TrtehlOfMtfMM

Vinyl chlorite

XytoM

•MM

Onl
IrfMlUlllO

Onl
UMtMtoa

Onl
btelMion

Orel
Inhabiiitn

Onl
WwUilon

On)
IflhalMton

Onl
IrtiiUlhMi

Onl
Uuliilon

Onl
Intalulott

Stopc FMior
»n

<mt/kt*y>

I.30B-02
630B-0)

7.30 B-03
I.60B-0)

NO
ND

5.2B-02
20 E-OJ

ND
ND

ND
ND

I.10B-02
6.00 B-03

I.90B+00
3.0 B-OI

ND
ND

W.tffci-of.
EvUmn

C
C

B2
B2

.,

B2
B2

D
D

D
D

B2
B2

A
A

D
D

; KmCTS: CO
CTORS(SFi)

Typa W L'MWtr

Kidwy
KhhNy

Llv«r
AilMunui

NA
NA

Lhrtr
Livtr

NA
NA

NA
NA

Livtr
Luni

Lun|
Llvir

NA
NA

NFIDENCE IN

&¥ BMk/Sf Swirtt

Drioklni wuu/ntlS
IntuliikMk/IRIS

DrJnklnf wiier/lRIS
lahablion/IRIS

NA/IRIS »nd HEAST
NA/IRIS and HEAST

HEAST
HEAST

NA/IRIS
NA/IRIS

NA/IRIS
NA/IRIS

HEAST
HBAST

Dkt/HEAST
Intulillon/HEAST

NA/IRIS
NA/IRIS
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Table M» (Coot)

L

Key:

HEAST - Health Effects Assessment Summary Tables
DUS - bttfnied Risk Information System
NA - Not applicable
ND « Notdetermtaed

Source: Ecology and EnvtfomKtt. Inc. 1994.
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PiMcloM

T*fc«-20

UNcnrrAMY FACTORS (SAFETY FACTOKS) USED IN
THE DOBVATION OF 1

10

1.000 A l j

1-10 Cm* I 10 10
(LOAEL) araad of • M

(NOMQ4.

ETA.M • Adtaraf After 51̂ 992̂ 34012.
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Tabk 6-21

TOXIC1TY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS

Chemical

Acetone

Benzene

Bromodkhloromethane

Rout*

Oral

Inhalation

Oral

Inhalation

Oral

(Rfl»

Type

Chronic

Subchronic

Chronic

Subchronic

Chronic

Subchronic

Chronic

Subchronic

Chronic

Subchronic

Value

l.OOE-01

1.00 E+00

l.OOE-01

1.00 E+00

ND

ND

ND

ND

1.4 E-03

1.4 E-03

Uvel

Low

NS

NS

NS

NS

NS

NS

NS

Medium

High

Critical Effect

Increased liver and kidney
weight - nephrutoxicity

Increased liver and kidney
weight - nephrutoxicity

NA

NA

NA

NA

NA

NA

Hyperplasntia

Gas, respiratory

RfD Basis/Source

Gavage/DtlS

Gavage/HEAST

Extrapolated front
oral value

Extrapolated from
oral value

NA

NA

NA

NA

Gavage/IRIS

Inhalation/IRIS

Uncertainty Kuclor
(UF) and Modifying

Factor (MF)

UF - 1.000
MF = 1

UF - 100
MF - 1

-

-

NA

NA

NA

NA

UF - 1.000
MF- 1

UF - 100
MF- 1

I

o
ro
01

Key at end of table.
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ft

L'himlfjl

.

(Com.)

2-ButtnoM (MMhyl
Ethyl KMOM)

CMbonT«rachlorid«

TO

dbnanltaM

RMM

Uiklka

Oral

Mutation

Oral

JUCTTYVX

(inn

Ty*

Chnwk

Oul»4»Mlf.

Chronfc

Subchroak

Cbronk

fil JuvfeMWi^l

Chronic

^.A^ hfrttt^

XUESFORI

VakM
(mc^frtir)

2 nft CJW

100 B-O2

6.00 E-OI

2.00 E-OI

3.00 E-OI

3. 00 B +00

7.00 B-04

7.00 E-03

TlMt^

*OTBNT1AL

CmMimtt
Lml

NS

NS

Uw

NS

NS

NS

NS '

NS

11

NONCARCINOGENIC

Critic*! Effect

^vinflM«Ahr^•MMgliy

NA

DecraaMdbMi wei|hl

No Effect

Noiftei

NoBffiMi

Llv«r LMtoiM

Uv«r Ltitoni

EFFECTS

•ID BMb/Sowrc*

EiiffviMilai^ ffnfn

onl lufadironk

FMdfat| Scudy/IUS

InluUiion/HEAST

Aninul uudy/IRIS

Inhiluk>oVHBAST

OralAIBAST

Onl/HBAST

Utit.«i lulni) Kvclor
(UD uid ModMyta|

Factor (MP)

UP • 1 000
MF - 1

UP - 3,000
MF • 1

UP - 1,000
MF • 1

UF - 1,000
MF • 1

UP • 3.000
MF- I

UP - 1,000
MF- 1

UP- 1,000
MF - 1

CD
ro
ui
oo

Key « end of ttbto.
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Table 6-21

TOX1CITY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS

Reference DOM (RfD)

Chemical

Carbon Tetnchloride
(Com.)

Chloroform

l,l-Dichk>roetfune

Route

b*aia*»

Oral

IkiJ^lMiflii

Oral

m*

Chronic

Subchrook

Chronic

Subchronic

Chronic

Subchnmic

Chronic

Subchroaic

Value
(mg/kf-day)

7.00 E-04

7.00 E-03

I.OOE-02

l.OOE-02

l.OOE-02

I.OOE-02

1.00 E-01

I.OOE+00

ConfldeM*
Lnrd

NS

MS

Medium

NS

NS

NS

NS

NS

Critical Effect

NA

NA

Cytt formation on liver

Liver Lesions

NA

NA

No effect

No effect

RfD Bask/Source

Extrapolated from
oral

Extrapolated from
oral

Oral/lRIS

Oral/HEAST

Extrapolated from
oral

Extrapolated from
oral

Oral/HEAST

Oral/HEAST

Uncertainty Factor
(UF) and Modttyteg

Factor (MF)

mf

-

UF - 1.000
MF - 1

UF - 1.000
MF- 1

-

-

UF - 1.000
MF- 1

UF= 100
MF - 1

1

o
K

Key at end of table.
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ft

ChoBlnl

U.DfcUorae*mi
(Com.)

1.1 DidiioraMhMH

1,2-DkhloroMlMM

TO

•ta-»DoM

•MM

I***.

Oral

Inhalation

Onl

XICITY V*

(•ID)

Ckrairic

Subdrak

Chronk

SuQCJIfOMC

Chronk

fcb*W*

0*0*

Subcnronk

LLUB8 FOR I

Value

I.40B-OI

1.40 E+00

9 00 E 03

9 00 E-03

9.00 B-03

9^0B-03

I.OOB-02

I.OOB-OI

T*^

•OTENTIAL

Lml

NS

NS

**m

NS

NS

NS

NS

NS

11

NONCARCINOGBNIC

CritiolBflbcl

NOM ooMrvfla

NoMobMrvod

Hepatic Inioni

Hep-* Won,

NA

NA

D^M-h-.OCrt,

Dwruitd hemoglobin

EFFECTS

RID llMfe/SiMKt

lAhaUilon/HEAST

InhaJatlon/HEAST

Oral Bkusiay/lRIS

Drink»|
wiier/HEAST

Eurepolattd from
onl

Bilnpolattd from
onl

0»vi|«/HBAST

Oivige/HBAST

Uuccrtniiiiy Kuclwr
(UF) and ModUyto|

Factor (Mi)

UP - 1.000
MF* 1

UP • 100
MF - 1

UF - 1, 000
MF « 1

UP - 1 ,000
MF • 1

M

-

UP « 3,000
MF- 1

UP • 300
MP • 1

T*••
r~
Ul

CD
ro
en
CD

Key atend of tool*.
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Table 6-21

TOXICITY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS

Rtfcnnct DOM (UD)

Chemical

1 ,2*Dichk)ffO6lMM
(Com.)

EdrylbenMM

Methyl Chloride

Route

bbalatkM

Oral

Inhalation

Oral

Ty«t

Chrook

Subchroak

Chroak

Subchronk

Chroak

Subchroak

Chronic

Subchronk

Value
(mf/kf-clay)

1.00 E-02

l.OOE-OI

I.OOE-OI

1.00 E-01

2.90 E-OI

2.90 E-01

ND

ND

Confidence
Lavtl

NS

NS

Low

NS

Low

NS

NS

NS

Critical Effect

NA

NA

Liver and kidney toxkiry

Hepaioioxkiry.
Mphrotoxkity

Devetopmenul toxkity

Developmental toxkiry

NA

NA

RfD Batlt/Source

Extrapolated from
oral

Extrapolated from
oral

Oral/BIS

Oral/HEAST

Air/IRlS

Air/HEAST

NA

NA

Unceruinly factor
(UF) and Modifyint

Factor (MF)

~

-

UF « 1.000
MF - 1

UF - 100
MF» 1

UF- 300
MF - 1

UF- 300
MF« 1

--

~

>•*
»-•o>

i

O
Key at end of table.
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Tabktll

TOJQCITY VALUES FOR POTENTIAL NONCARCINOGBNIC

Raftnam Doaa <M»

*»• » — *
L.BMWCM

MAffiyl Qitocloc
(Com.)

MdhyfeM Chtorlrtt

4-Mtthyl-2-pMUMM

ntltt

La"u*1^

Oil

UuklkM

Oil

Trr*

Ckraate

Subchraak

Chrook

Sttbcbraak

Cbrank

Subchnmie

Chronic

SubchroAK

VofeM

<«t*f*r>

ND

ND

600E-02

6 00 E-02

1.57 B-OI

I.S7 E-01

S.OOB-02

3.00 B-OI

CflBfUMMt

Lml

N8

NS

Ktodkm

NS

NS

NS

NS

NS

CrWalMhct

NA

NA

Liver toifcky

Liver loxktty

NA

NA

Livor MO kUMy •fnou

Lrvtf and kidmy •fftcu

HrntCTS

UD BMli/SwirM

NA

NA

Drinking wiler/OUS

Dnnkini
wiler/HEAST

IntuUikmmEAST

InhaUtionMBAST

Oavaia/HBAST

Oava|«/HEAST

llnccrubtly Kuclor
(UF) ud ModMytai

Factor (MF)

•-

-•

UF - 100
MF • 1

UF - 100
MF - 1

UP - 100
MF- 1

UP • 100
MP • 1

UP • 1.000
MP » 1

UP- 100
MP - 1

CD
ro
O5
ro

Key at end of table.
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Table 6-21

TOXICTTY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS

Reference DOM (RID)

Chemical

4-Me0yl-2-pettanone
(Com.)

TdrachtofOBthcne

Toluene

Bimta

Inhalation

Oral

lighting

Oral

1>P«

Chronic

dBLjkL___likjUDcmoiuc

Cbrooic

Subchronic

Chronic

Subdtroaic

Chrome

Subchronic

Value
<mg/kf-d*y>

2.30 B-02

2.30 E-01

1.00 E-02

1.00 E-01

1.00 E-02

1.00 E-01

2.00 E-01

2.00 E-00

ConiMtact
Ural

NS

NS

Medium

NS

NS

NS

Medium

Medium

Critical Effect

Increased liver and kidney
weight

Increased liver and kidney
weight

Hepatotoxkity

Hepwotoiiciry

NA

NA

Changes in liver and
kidney weight

Changes hi liver and
kidney weight

RfD Basis/Source

InhaUtion/HEAST

Inhalation/HEAST

Gavage/IRIS

Oral/HEAST

oral

Extrapolated from
oral

Gavage/OUS

Gavage/HEAST

Uncertainly Factor
(UF) and Modifying

Factor (MF)

UF - 1.000
MF •= 1

UP - 100
MF - 1

UF - 1.000
MF - I

UF- 100
MF - 1

-

:
UF - 1.000
MF -= 1

UF- 100
MF - 1

1
i
3

Key at end of table.
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TaMitJI

TOXICITY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS

9thfmtt PM* (KIP)

Ckinlcil

Totem (COM.)

l.l.l-TrichkMOMhuM

TrichlorotttwM

RMM

Uk.u.Un

Oil

tatutfttim

Oil

!>»•

Cbnwie

Subdirook

Chraofc

Subchranie

Chnwic

Subehrank

Chronic

Subdipofiic

V«hM
(nfkritay)
1. 206-01

6.00 E-OI

9.00 E-02

9.00 E-OI

3.00 E-OI

3.00 B +00

ND

ND

Lml

M«diwn

fc< — *i•wrani

NS

•NS

NS

NS

NS

Crfckallfhd

N«urok>|ical (CNS
effccu), eye MM! IMIM
MMion

N«urolo|lul (CNS
elfccu). «y« and now
1 i i l l m t l n mIfTHHKM

Hepuuttukky

HeptKMoxicHy

HapMMoxIctay

Hepuoioxkily

NA

NA

RID BMb/Sourct

Inh>Ulbn/IRIS

InlulMlon/HBAST

Oral/IRIS

Ortl/HEAST

InhiUiionAIBAST

InhiUtion/HBAST

NA

NA

l)iiitT(dlul) Kuciur
(UF) tnd Modtfytai

I'Ktor (MF)

UP • 300
MF - 1

t)H - 100
MF - 1

UF - 1,000
MP - 1

UF - 100
Ml « 1

UP • 1,000
MP • 1

UP - 100
MP - 1

••

• •

I
*•*
»M

*0

o
ro K«y Mendofttbte.

oiznni. ctM»«/i iw î
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Table 6-21

TOXICITY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS

Reference Dote (RID)

Cbeaaicftl

Trichtoroefcene(Coot.)

Vinyl Chloride

Xytenes

Route

Inhalation

Oral

liitif|n«i«n

Oral

Type

Cto-k

Subchrooic

Cbroaic

Subcbrooic

Chronic

Subchronic

Chronic

Subchronic

Value
(mc/kf-day)

ND

ND

NO

ND

ND

ND

2.00 E +00

4.00 E+00

Confidence
Level

NS

NS

NS

NS

NS

NS

Medium

Medium

Critical Effect

NA

NA

NA

NA

NA

NA

CNS effects

CNS effects

RfD Buii/Source

NA

NA

NA

NA

NA

NA

Oavage/nUS

Gavage/HEAST

Uuceruialy Kuclor
(UF) and Modifytog

Factor (MF)

-

^^

-

-

~

„

UF - 100
MF- 1

UF - 100
MF- J

o
ro
en
en

Key at end of table.
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TOXICITY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS

tofcrwct DOM (HID)

UMMkttl

XytaMi (Com.)

RMU

lahabilon

Tjrji

an*

Subchranfc

Valut
(mt̂ rdMy)

ZOOE+00

400B^OO

CMfUMKt

UMl

NS

NS

Critical Uftcl

NA

NA

•CD BMkySewrci

EurapoUttd from
oral

ExmpoUiMl from
oral

Hiutilalnl) l-uilur

(UK) *nd Mudtfybii
KMIAT (Kin

-

••

Key:
CNS Cellini Neivoui Sytlein

((EAST Heakft Effceu AttemnetM Sumnury TiWw
IRIS lnte|nnd ftitk Information SyttMB
NA Not ApplkAbta
ND Not Drtwmtaed
NS Not SpKiflod

Not Applicable

O
ro
en
CD

u.trmt OMMI/IVM-PI
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Table 6-22

SUMMARY OF ESTIMATED EXCESS CANCER RISKS

Piithwiiy

ASSOCIATED WITH THE CONRAIL SITE

Location Case

Receptor

Adult
Risk Contributions by

Exposure Route"

Significant
Risk Contributions by

Chemical"

CURRENT CONDITIONS

Worker Exposure

Inhalation of airborne
contiminants

Conrail Facility CT

RMH

6.80 E-04

3.40 E-03

Vapor inhalation • 100% Carbon letrachloride • 97%
Vinyl chloride -2.5%

Nearby Residential Exposure

Groundwiier usage

InhaUUon of indoor

from f rouodwater
vapor*

Hume 1

Plume 1

CT

RME

CT
RME

2.1S E-03

9.00 E-03

5.11 E-03
1.71 E-04

Ingestion • 67%

Dermal Contact in Shower - 3%

Vapor Inhalation - 31%

Inhalation • 100%

Ingestion:
Carbon letrachloride - 42%
U-DCE-4%
Trkhtoroethenc - 19%
Vinyl chloride • 2%

Dermal:
Carbon letiachlorkk - 2%

Inhalation:
Carbon tetrachloriJe - 1 7 %
Chloroform - 2%
1.1-DCE- 1%
Trichloroethene - 1 1 %

Carbon letrachloride - 93%
l.l-DCE-5%
Trichtoroethenc - 2%

ro
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Pig. 2 of!

SUMMARY OF ES
ASSOCIATE

BM*|M^MM•TBUIWBJ

Oro«kd WBMT uiAft

trtuUikw of indoor
II|MMIM LjuuiHHMiill

rroni gi uiiiidweier
vapor*

L— i-

Ptame2

C«M

CT
RMk

CT
RME

Tvblet-22

TTMATED EXCESS CANCER RISKS
D WITH THE CONRA1I* SITE

toptor

AMI

4.23 BXM
I43B-03

3.31 B-06
l . l l E-05

Rkh C«rtrib«llMM by

>HMlkM-l«

Dtraul Cimua • 1 %
Vapor MuMon • 90%

Uuiadon - 100%

MIBK l^aMTiVM^mV BJ

CiMmkaJ1

Carbon iciuJiliiriik • 8%
Dermal:

Csrbon leinchlorkfc • 1 %
wbaiation:

Cirbon tdractilomk • 1 %
Chloroform - 1 %
Benzene -90%

Carbon Ictrichtortde • 95%
Chloroform • 2%
TrichloroethcrM • 3%

POTENTIAL PUTUIS CONDITIONI

Wetter EipMDre

Sollcofluci

Inhilatlon of ilrboriM
conummanu

ConrtU PicUhy

Connll PKllkx

CT
RME

CT
RME

1.91 B-03
1.90 B-OS

4.64 B-07
1.13 B-07

Dtraul Coottd • 100%

Inhalation • 100%

Trichloroemene-81%
Vinyl eWorld. - 14%

NOM

ro
en
oo

• • RME caae for receptor ihowinj ireateti riik. HMM column! are Independent of each oner; both refer 10 uxal receptor riiki.
CT • Cemral Tendency.

RMB • ReaaonaMe Maximum Expoiure.
- - Not applicable.

Source: Bcolofy and BnviromDeni. Inc. 1994.
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Table 6-23

SUMMARY OF ESTIMATED HAZARD INDICES FOR NONCARCINOGENIC EFFECTS
ASSOCIATED WITH THE CONRAIL SITE

Pathway Location Case

Receptor

Adult
Risk Contributions by

Exposure Route*

Significant
Risk Contributions by

Chemical"

CURRENT CONDITIONS

Worker Exposure

Inhalation of airborne
coniaminantt

Conrail Facility CT

RMt

25

253

Inhalation - 100% Carbon leirachlorkle - 100%

Nearby Residential Exposure

Groundwater usage

Inhalation of indoor
airborne contaminants
from groundwater
vapors

Groundwater usage

Plume 1

Plume 1

Plume 2

CT

RMK

CT
RME

CT
RME

172

201

10.1
10.1

3.22
4.16

Ingesikm • 49%
Dermal Contact - 2%
Vapor Inhalation - 49%

Inhalation • 100%

Ingestkm - 72%
Dermal Contact • 4%
Vapor inhalation • 24%

Ingestion:
Carbon tetrachloridu - 48%

Dermal:
Carbon tetrachloridc - 2%

Inhalation:
Carbon letnchloridtt - 48*

Carbon tetrachloride - 100%

digestion:
Carbon letrachloride - 72%

Dermal Contact:
Carbon tetrachloride - 4%

Inhalation:
Acetone - 15%
Carbon letrachloride • 7%
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T
5

SUMMARY OP ESTIMATED HA&
ASSOCIATE

PMbwiy

ITDOI {iwHWMBf
vtpon

nwM2

C«M

CT
RML

T«bk«-23

UU> INDICES FOR NONCARC1NOGBNIC EFFECTS
D WITH THE CONR/UL SITE

R^lMr

AdHk

6.70 B-OI
6.70 B-OI

Rbk CMrtribMltoM by

UMtatlon • 100%

Sif^ncMl
Rkk CMrtritoOMu by

Clmnlnl*

Nom

POTENTIAL nrruu •xorrau
WMterE^Mf.

So-coouc,

UdukMofilibonM

ConraU PKtfky

ConnH PicUflQ'

CT
RME

CT
•MB

I .MB+Oi
4 §1 E+01

3.S2B42
1.91 B-02

Dermal COMM • 100%

UttlttkNi- 100%

ACMOIW- 6%
Carbon tcirachtorkte • 5%
1.2 DCB • 67%

Ethylbmum • 6%
4-M*thy|.2iMMinoM • 16%

1 • RMB cut far nMpor ibowini irumt riik. That oohiara an tadtpMd«Mof nctt odwr; both rtfcr 10 loul rtctptor rteki.
CT - C«Mnl Taadtncy.

BxpoMin.
- • NoiippNeaMi.

Souret: Ecology ami BnvlraniMM. lite. 1994.

O
ro
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TaMe 6-24

SPECIAL SPECIES OF CONCERN LOCATED WITHIN
2 MILES OF THE CONRAIL SITE

COnWBMft iHttDC

Michaux's Sthchwon

Cooper's Hawk

Grooved Yellow Rax

Badger

Scientific Nan*

Arenaria stricu

Accipiur coopcrti

Liiuui sutcoaim

TfatUto wnn

Locadoa

37N4EScc2

37N4E5ec4SWQ
37K4ESecSNWQ
37N4ESecl3
38N4ESecEHSWQ

37N4E Sec 9 NEQ

38N4ESec28432

Year Last
/^aV^AMMW^UDWTTvQ

194S

1986
19S5
1986
1986

1935

1989

SM.

State Ban

CMM CHM^B!

Concern

Slate Rare

State Threat-
ened

Source: Coapifed by Ecology and Environment, be. 1994.

0271
ccohgjr

6-126
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Table 6-25

RESULTS OF IDNR FISH SAMPLING

Am

Hoc

6-127

0272



Conrail RI/FS
RIRepon
Section 6

Rev. 0 Much 31. 1994

Page 2 of 2

Tabk6-2S

RESULTS OF IDNR FISH SAMPLING EFFORT

CoiHBMtt nuu

Sponail Shiner

NonhemPike

SckadHc Name

Notrop'u hudtoiiuu

Etoxiiiger

Bf i t i i mi • li itrtftrnm•nnwMV BnoyB

Am

-

X

CobMCnck
Location Ana

X

X

Key:

X - Present at sample location.
- =» Not present at sample location.

Sowce: Compiled by Ecology and Environment, Inc. 1994.

6-128 0273
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Pip I of I

Table

SUMMARY OF WETLANDS SURROUNDING COMtAIL SIR

Acratta*
•ri

1.5.5. IJ5

POWG« M.I

1.1

PABPt

F SSI/EM B Hind Scnb-Skn* Brawl Leaved 12

PTOIB Bravl-Lentd DectAtout. 12

PAB4G 0.5

PFOOSIC 10.1

PRVSS1A 13. 1J

rofiadmAui
- Not

6-129 0274
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Table 6-27

SCREENING OF SURFACE WATER INORGANIC RESULTS

Inorganic

Lead

Zinc

Chronic
AWQC
G<|/L)

3.2

110

Pond*

Resuk
Ranee
WL)

ND-4I . I

ND • 155

tttll^tl ••numwr

Criterion

1/3

1/3

Baugo Bay Background

Result
Range
(rt/L)

ND- I.I

ND • 13.*

Number
Exceeding
Criterion

0/3

0/3

Baugo Bay

Result
Range
G*/L)

ND - 2.8

12.9 - 50.8

Number
Exceeding
Criterion

0/5

0/5

Si. Joseph River
Background

Result
Range
O.I/D

N D - l . l

ND

Number
Exceeding
Criterion

0/6

0/6

St. Joseph River
Downstream of
Crawford Ditch

Result
Range
(MK/L)

ND - 5.2

ND- 15.2

Number
Kxceeding
Criterion

1/8

0/8

2

ND - Not detected.

Source: Ecology and Environment, Inc. 1994.

O

U:ZFMOI.CI>»M/IMMPI
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INTERIM SEDIMENT QUALITY CKTTEBIA

13.100 EPAI9

13JOO ETA1

n.no EFAI9M

10.00 EPA19M

7J30 EPA1

I9f EFAI

10.4 EPA19M

IJ90 EPA 1911

63 dm 1991

66 I991

4.41-OOT 121 EPAI9

4.4'-OOO 90 1991

4.4'̂ XJE 211 ONE 1991

I2S4 196 EFA19H

AMrii I.2M 199I

<M • 1 % (TOO.

1994.

6-131
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Table 6-29

CALCULATED SEDIMENT QUALITY CRITERIA

Cuemkal

4-Methylphenol

2-Meihylphenol

Fluorene

Benzo(b)fluoramheae

Benzo(k)fluoramhene

Chrysene

Indenod ,2.3-cd)pyrene

Benzo(g,h.i)perylene

Naphthalene

Anthracene

FCV (>«g/l.)

Value

40

200

0.156

1.40

1.40

0.7

0.156

0.156

620

12.7

Source

AQ

AQ

AQ

AQ

AQ

AQ

AQ

AQ

AWQC

AQ

LotK»w

Value

1.94

1.95

4.20

6.06

6.06

5.61

6.58

6.51

3.30

4.45

Source

HE

HE

HE

HE

HE

HE

HE

HE

HE

HE

K..." (L/ktf

80.78

82.63

1.3455E+4

9.06275 E +5

9.06275 E+5

3.27273 E+5

2.9404 92 E +6

2.509632 E+6

I.755E+3

2.3693 E +4

SQCU 0«K'k8»

32.31

165.26

20.99

12.688

12.688

2,291

4.587

3.915

10.879

3.009

• Log K^ - 0.00028 + -0.983(Log Kow)
b SQC - ^ • KOJ * FCV; based on 1% TOC

Key:

AQ - AQUIRE Data base
AWQC - Chronic Ambient Water Qualky Criteria for Protection of Aquatic Life

HE - HEAST Data bate

Source; Compiled by Ecology and Environment, Inc. 1994.

O
ro
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I Tabkttt

1 SCREENING OF SEDIMENT SAMPLES'

CiMilmnlminl

tyrant

Bcnzo(i)aniluMiM

FlunnntheiM

Rrnio(i)pyreiK

Acciuphtfulcne

Dieldrin

Endrin

Fhtmnihnm

hhCMordam

6y-ChlonlMM

,4'-DDT

JM'-DDD

!l,4'.DDB

Anchtorl254

AJdrta

4-MMhylptMao)

SQC
<*•*•>

11.100

13,200

11.100

10.6)0

7,330

199

10.4

1,390

62

66

1.21

90

213

196

10*4

32.31

Pw

•MM*
ftuBJtM•*""̂
(,i/k«)

ND4.000

ND- 1,933

ND-I.I65

ND- 1,505

ND

ND

ND-4.5

ND

ND-7.3

ND-12.4

ND-35.3

ND-230

ND-27.5

ND-1,300

ND4.2

ND-340

i*

Ijlu^k arNMBMr

Crktrto

on
on
on
0/3

0/3

0/3

0/3

0/3

0/3

0/3

1/3

1/3

0/3

1/3

on
1/3

Buu|« Bay B*ckgrMin4

0<|A|)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

^LA^»LAM
nflMMVl

EuH4ta|
Crtorto

on
on
on
on
on
on
on
on
on
0/3

0/3

0/3

0/3

on
on
on

Bau|o Buy

<«*D

ND-910

ND-4SO

ND-430

ND

ND

ND-4.1

ND

ND-350

ND-1.6

ND-3

ND

ND

ND

ND-130

ND

ND

Numbtr
EMMrilnt
CrMflrii

0/5

0/3

0/3

0/3

0/3

0/3

0/3

0/3

0/5

0/5

0/3

0/5

0/5

0/3

0/5

0/5

St. JoMph Mivvr
B«chgr«Mi>d

RMtiM
RM|t

Otf^D

ND- 1,200

ND-690

ND-1400

ND-720

ND-160

ND

ND

ND- 1.300

ND

ND-1.2

ND

ND

ND

ND-47

ND

ND-120

Number
IfitinMnj
Crktrta

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

1/6

81. JoMph Rfotr
Duwmirtiun of
Crawford IMlch

Itamill
Rm|t
<M|A|)

ND- 1.400

ND-630

ND980

ND-430

ND

ND

ND

ND-460

ND-0.61

ND-2.4

ND-2.1

ND-1,9

ND-6.5

ND-190

ND

ND-76

Numbtr
EiMtdiiiK

Crtt.rlu

0/8

0/8

0/8

0/8

0/8

0/8

0/8

0/8

0/1

0/1

0/1

0/1

0/8

0/1

0/1

I/I
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Table 6-30

SCREENING OF SEDIMENT SAMPLES*

Contaminant

2-Methylphenol

FlttOrefle

Benzo(b)fluoranihene

Benzo(k)fluorand>ene

Chiysene

Indeno(1.2.3)pyre«

Benzo(|.h.i)peryltne

Naphthalene

Anthracene

Arsenic

Cadmium

Chromium

Copper

SQC
<rt/kl>

165.26

20.99

12.688

12,688

2.291

4,587

3.915

10.879

3.009

5.500

1. 000

31,000

25.000
»

Ponds

Remit
Range
Oig/kf)

ND

ND-215

ND-2.750

ND-1.320

ND-2.130

ND-1,875

ND-1,682

ND-265

ND-341

1.100-
8.650

ND-
16.000

4.300-
77350

5.700-
604,000

Number
Fmcdhn
Criteria

0/3

1/3

0/3

0/3

on
0/3

0/3

0/3

0/3

1/3

1/3

1/3

1/3

Bau|o Bay Background

Remit
Range
(PC/kg)

ND

ND

ND

ND

ND

ND

ND

ND

ND

460-1.600

ND

4,600-
6.600

2,400-
3.700

Number
Exceeding
Criteria

0/3

0/3

0/3

0/3

on
0/3

on
0/3

0/3

0/3

0/3

0/3

on

Baugo Bay

Result
Range
0"f*g)

ND

ND

ND-770

ND-390

ND-550

ND

ND

ND

ND

370-14.900

ND

2,800-
34.900

2,500-
51,400

Number
Exceeding
Criteria

0/5

0/5

0/5

0/5

0/5

0/5

0/5

0/5

0/5

3/5

0/5

1/5

3/5

St. Joseph River
Background

Result
Range
0<g/kg)

ND

ND-160

ND-730

ND-460

ND-630

ND-300

ND-420

ND

ND-220

2.800-
10.500

ND

6.100-
33.500

3,300-
44300

Number
Exceeding
Criteria

0/6

1/6

0/6

0/6

0/6

0/6

0/6

0/6

0/6

4/6

0/6

1/6

1/6

St. Joseph Rhrer
Downstream of
Crawford Ditch

Result
Range
(Kg/kg)

ND-78

ND

ND-1,100

ND-370

ND-710

ND-130

ND

ND

ND

2.300-
20.500

ND-4.500

7.500-
38.900

2.700-
60.700

Number
Exceeding

Criteria

0/8

0/8

0/8

0/8

0/8

0/8

0/8

0/8

0/8

0/8

2/8

3/8

3/8
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CMlMlMMl

LtMt

MlttffUMU

Mercury

Nkktl

Zinc

SQC
(**Q
11,000

437.000

120

31,000

110,000

TtkfctM

SCREENING OF SEDIMENT SAMPLES1

rw
lUMk

(«*•)
- Ht.m.M«M«V '

3.600-
1,230.000

141.000-
711,000

ND-370

6,200-
150.130

21.600-
6,240,000

i*

ElCMdfal

Crtorta

in

1/3

1/3

1/3

1/3

B»u$a Bay

RMU*
RMIM
OII*D
1.300-
14.000

102,000-
109,000

ND

4,200-
7.900

10,400-
11,300

iirlip'Mini

OrlMffto

0/3

on

on
0/3

0/3

B«ut» toy

(M^l)

1,700-
33.700

71,200-
I.UO.OOO

ND-300

4.300-
30JOO

10,100-
IM.OOO

ICMM^hu
Crtetrto

1/3

3/3

1/3

0/3

3/3

Si. JoMpb Rlvtr
BMk|i«iM4

Rmih
Ra«l«
04̂ 1)

3.400-
37.900

§1,000-
1.470,000

ND-2.WO

3,300-
22.700

14,300-
134.000

ft|, .•fc - -rntMMvr
l£iCMdln|
Crlurta

1/6

2/6

1/6

0/6

2/6

St. Jwpk Rlvtr
DowiMtrwun of
Crawford Dttch

RMUH

Rang*
(»l/k|>

1,700-
14,000

93.900-
2.330,000

ND-270

5,000-
26,300

11,300-
191.000

Numbtr
Kutndlni

CrMtrla

1/B

3/8

1/8

0/8

3/8

1 RMuhi of dupticciM wtn ronpd for tail mud.

4

Nb-

litre*: Eeotogy and BnvlromMiu, Inc. 1994.
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Table 6-31

OME PROVINCIAL SEDIMENT QUALITY GUIDELINES
(Values in mg/kg*) '

rMfntasm

Artenk

Cadmrnm

Chromium

Comer""•I*!*"*

Iraa(K)

Lead

Manganese

Mercury

Nickel

Zinc

No Observed Effect
Level

4.0

0.6

22.0

13.0

2.0

23.0

400

0.1

15.0

63.0

Lowest Observed Effect
Level

5.5

1.0

31.0

25.0

3.0

31.0

457

0.12

31.0

110

LtaMofT*™

33.0

10.0

111

114

4.0

250

1110

2.0

90.0

800

* Iron value* an in percent.

1 Soorce: Compied by Ecology and Environment. IK. 1994.
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T*fafc6-32

T-TEST OF THE DIFFERENCE BETWEEN BACKGROUND SAMPLE AND
DOWNSTREAM SAMPLE INORGANIC ANALYTICAL RESULTS FOR BAUGO BAY

"liliBhir-t

Anmic

Copptr

Lud

fciaogftMM

iJairi'rnivMicufy

Nktol

ZlM

••Mff

3

3

3

3

3

3

3

3

••7 Backf

HIM
(••At)

1.09

5.57

3.00

5U

101.33

0.100

S.70

IJ.67

rwuid

SO.-I

0.57

too
0.65

7.10

6.03

0

I.9S

4.12

•Nftfey

S-J.

5

S

3

3

3

3

3

S

Mm
<••<*>

5.35

15.16

19.30

I3.M

626.24

0.14

13.34

77.21

J2sL~
5.61

12. 17

19.31

13.12

705.51

0.09

10.10

74.61

r+*
9.96

1M7

30.13

193

117.00

0

3.35

11.11

l-V»hM

1.23s

l.J2«

2.04d

1.15*

1.64*
_

1.41*

1.43'

SlfnlfkMtl

No

No

No

No

No

No

No

No

Souret: Ecology tad BavkoMMM, he. 1994.
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Table 6-33

T-TEST OF THE DIFFERENCE BETWEEN BACKGROUND SAMPLE AND DOWNSTREAM SAMPLE
INORGANIC ANALYTICAL RESULTS FOR THE ST. JOSEPH RIVER

Contain in&nt

Arsenic

Chromium

Copper

Lead

Manganese

Zinc

St. Joseph Background

Sample
She

6

6

6

6

6

6

Mean
(mi/kg)

6.78

14.33

13.95

19.88

585

57.27

Sl>n,l

3.25

10.49

15.92

20.82

563.88

54.33

St. Joseph River

Sample
Sbe

8

8

8

8

8

8

Mean
(mf/kD

8.05

18.83

22.17

28.17

622.98

74.68

SD«-|

7.24

13.27

24.15

30.37

788.74

77.23

F-Test"

2.22

1.27

1.52

1.08

1.40

1.42

t-Valueb

0.40

0.68

0.72

0.57

0.10

0.47

Significant
Difference

No

No

No

No

No

No

* F(df7(J) - 10.46.
b Equation 6-4 was used.

Source: Ecology and Environment, Inc. 1994.
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Table 6-35

SUMMARY OF HAZARD INDICES FOR AQUATIC BIOTA IN SEDIMENT

r^i1_ ^

Arsenic

CVhgi^

Chrauun

Copper

Lead

Ma&fuew

Mercury

Nickel

Zinc

DDT

DDD

4-Me*ylphe»ol

Rttoraie

Anclorl254

BeMhanrk
Criteria
Of/kf)

5.300

1.000

31.000

25.000

31.000

" 457.000

120

31.000

110.000

8.21

90

32.31

20.99

196

Mnfann
CooctBtratiM

(«^D

8.630

16.000

77450

604.000

t .230,000

788.500

370

150.830

6.260,000

35.3

230

340

213

1.500

99 * •_ _•
•UBBTV tffTTn

1.37

16JX)

2.49

24.16

3948

1.73

3.08

4.87

56.91

429

1.08

8.50

10J4

7.63

Men

(ttftt)

2.730

5.667

30.733

262,633

412.833

384400

190

55.917

2.101.966

133

78.13

223

182

515

HanrdMex

0.50

5.67

0.99

1030

13.32

0.84

1JI

1.80

19.11

1.61

0.87

6.91

8.69

2.63

Source: Ecotofy and Environment, Inc. 1994.
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7. SUMMARY AND CONCLUSIONS

This section presents a summary and conclusions of the findings of the RI for the

Conrail Site. The investigation was completed in three phases. The interpretations of the

findings for the hydrogeology, nature and extent of contamination, fate and transport, and risk

assessment are also summarized. The RI was performed by E & E under contract to EPA

Region V. The information obtained will be used to evaluate a range of feasible, permanent

solutions for remediation as part of the FS.

7.1. SITE PHYSICAL HYDROGEOLOGY

The aquifer of concern is a glacial outwash deposit consisting of sand, and sand and

gravel. The glacial outwash material is approximately ISO feet thick and lies on shale

bedrock that is not a water-bearing unit. Depth to water varies between 3 and 20 feet BGS in

the study area. The general flow direction throughout the depth of the aquifer is to the west-

northwest, except in the LaRue Street residential area, where the general flow direction is

north. Hydraulic conductivity values derived from slug test data were used in addition to

measured horizontal gradients to estimate the horizontal flow velocity of groundwater.

Heterogeneity in site conditions caused variability in input parameters, that result in a velocity

range for groundwater of 11 feet per year to 2,200 feet per year. The mean horizontal flow

velocity of groundwater is 200 feet per year.

7.2 SOIL SAMPLING RESULTS

A subsurface soil investigation was conducted as part of the field investigations in

order to determine the nature and extent of identified and suspected source areas contributing

7-1 0289
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to Mf^jfiT*1 groundwater i nntimmMion. Based on analytical results from subsurface soil

i my In two source areas on the Cbonil facility have been identified.

A CQj source area was identified in the eastern section of the classification yard near

meat 69 in the saturated zone. The dimensions of this source area are approximately 75 feet

by 30 feet by 7.5 feet. The analytical data from these subsurface soil samples suggests that

das 004 source area extends beyond the boundaries established to date. CQ4 contamination

also delected (16 j^/kg) in a 128 to 130-foot sample interval, bat pooled residual CC^

not detected OB top of bedrock.

A TCE source area was identified in the western section of the classification yard

between tracks 65 and 66. The appiujunuae dimensions of diis source area are 120 feet by 10

feet by 4 feet. This source area is m die nnsamrated zone.

1̂1̂ 1̂  QoaDvnrnatiott was ocaccacd nt tne saturated THTBT MM sobaunaoe sou saroplcs

conected from the leucivnaj yard on die Conrail facility, wlikJi is npgndient of the LaRue

0g/kg. Thai CBBtamnaboo is thoaffat to contribute to detected

DOBdowagxadientofdm;

73 GMMHDWATB* MOWTOWNG WELL SAMPLING RESULTS

i and It-t contaminntion were duelled in gioundwatei samples collected from

m me shallow, mmnediate. and deep zones on the Conrafl

facjttrr, at the SL Joseph River, and m the area between diese points, in dv County Road 1

• flow direction in afl dote zones is west-northwest, and die groundwater

ill from me Conrail facility to die St. Joseph River.

! wetts located *ri*"*'** îify **|'B' •**•••'* of me

ones did not detect any VOC

I hydnurkaUy upgndieot in die deep zone did not

i of CCLj groundwater cortfammation was 110,000 pg/L

IMW46S located in die track 69 source area. Ttns

i«13.8%ofibesolwbaityofCa4aMliutgeitt«Ca4DNAPLsource(EPA

7-2
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1992a). Site background information and the detection of CC14 in a subsurface soil sample at

130 feet BGS also suggest that the CCI4 source area in track 69 is a DNAPL source.

The maximum concentration of TCE detected in a groundwater sample was from

monitoring well MW41, located immediately downgradient of the Conrail facility. This

concentration is 1.4% of the solubility of TCE and suggests a TCE DNAPL source. MW41

is side-gradient of the TCE source area identified in the classification yard. Based on

analytical and hydrologic data, the DNAPL source is on the Conrail property, but is, as yet,

unidentified.

CCI4 was detected only in groundwater samples collected from shallow monitoring

wells in the LaRue Street plume surrounding the identified CC^ soil contamination in the

receiving yard on the Conrail facility. The soil contamination is thought to contribute to the

identified CC14 groundwater contamination. Monitoring wells upgradient of the soil

contamination did not detect CCI4.

TCE was detected only once (MW20S -15 jtg/L) above the MCL for TCE in the

LaRue Street plume. TCE was detected below the MCL (5 /ig/L) throughout the plume.

Monitoring wells located upgradient of the Conrail facility did not detect TCE. Based on

groundwater analytical data, the source of the TCE contamination is on the Conrail property,

but is, as yet, unidentified.

7.4 DRAINAGE NETWORK SAMPLING RESULTS

Analysis of the sediment and water samples from the Conrail drainage network

revealed no detectable levels of TCE or CC14. The data suggest that the drainage network is

not currently a source of the identified groundwater contamination, which resulted from

surface spills on the facility. The possibility that the drainage network historically acted as a

conduit for VOC contamination cannot be assessed due to lack of previous sampling data from

the network.

7.5 FATE AND TRANSPORT

A focused discussion on the subsurface and groundwater fate and transport of CC^

and TCE is presented. Processes such as volatilization, liquid transport, sorptkm, and

transformation reactions have likely occurred at the site based upon the contaminants present

7-3
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Volatilization of the dissolved chlorinated

aliphatic hydrocarbons from the groundwater that is present at or near the water table can

i from groundwater to soil gas. There is a high prob-

red and is currently operative in the study area. Liquid

! at the sne as dissolved coataaunar0 in groundwater undergo nrigrati

If DNAPL b pretest, m may also ngnte by density driven-tiquid transport process*

to DNAPLs. Sofpnon of chemicals of pmniHil court m onto aquifer mtenats is oc\

be an important procets at the «e. Analytical results of total organic carbon in the aquifer

UBBenal are coaibBKd wiih coeaucar^pecific data, to ouaotiry solution so that cecaiQubOtt can

be estauuted. The retardation is used to PUhiuif the migration rate of coatanaBtioo relative

possniy otcui, sequential reductive dehtlogeuation 13 important because tt appears to be

The Dae aid trantport proeestes coupled ^iUi nte-tpecific data enable the i

andtotduujofCC^wJTCE The heterogeneMy in si

i • hcge range in the thne (6 to 1.200 yean) estmuasd for giuuudwafer to travel from

i to me SL Joseph River. If letaidatiun does not take place. contaminaTion

i at dK same nue as groondwater flow. If avaoabfe sorpnVe capacity

i peraais sarptioa. k is estimaKd dial Cd4 aod TCE will travel at

t of the nte of groundwater. The toul mass of CjC^ and Iclc

dMuohud coutanatuts in the groundwater and torbed to aquifer

i be eatiavaed bated OB aaalytical data from the she and an estimate of DNAPL

The estimated total matt of 034 and TCE in die groundwater and torbed to aquifer

i» 204100 pounds. Rewttuti DNAPL n*y owrtwte 150.000 pounds as (XL; and

TCE.coamiBed. Tbctrin^)ort^txvmtefctoteSt.kM&1lttn20pauutocg

TCE and 20 pounds of CQ4 per year. Assuming this loading, it would take 200 yean to

remove the CCL; and TCE tat n dissolved in me groondwater pmcady in me aquifer. If

DNAPL is PTH**. thia csttBUte of dapted time for naowal anenoanoa would be i
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(total) were detected in monitoring well samples that also contained higher concentrations of

CC14 and TCE. respectively.

7.6 HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT*

Based on the information, observations, and analytical data gathered during the three

phases of the RI/FS, the baseline risk to human health and the surrounding ecological

environment was assessed and is summarized below.

7.6.1 Assessment of Human Health Risk

The human health assessment examined the risks to railyard workers and residents of

nearby neighborhoods from exposures to Conrail Site contaminants. The 19 chemicals

selected as contaminants of potential concern were all volatile organic compounds.

Potential risks to railyard workers were evaluated for existing conditions and for a

possible future excavation scenario. Only the vapor inhalation pathway was evaluated under

the current risk scenario. The potential excess cancer risk for the RME case for this pathway

is 3.40 x 10*3, which exceeds EPA's threshold value range (ICT* to 10"4) for upper-bound

lifetime cancer risks to an individual. The hazard index for the RME case for this pathway is

253, which indicates that there is potential for adverse noncarcinogenic risks via this pathway.

The potential future risks to railyard workers were evaluated via the soil contact

pathway (direct contact and incidental ingestion) and inhalation of airborne contaminants.

These pathways were evaluated for a possible excavation scenario, in which it is envisioned

that current subsurface contamination is exposed and then becomes surface contamination.

The potential excess cancer risk and the potential adverse noncarcinogenic risk calculated for

the soil contact pathway exceed their associated EPA threshold values. This indicates that

there is a potential for risks to workers during excavation activities.

Two distinct plumes of groundwater contamination, designated as Plume 1 (County

Road 1 Plume) and Plume 2 (LaRue Street Plume), respectively, are migrating from the

railyard towards the St. Joseph River. Plume 1 is migrating north and west of the facility,

while Plume 2 is migrating north and east of the facility. Plume 1 contained 10 COPCs while

Plume 2 contained seven COPCs. The potential risks posed by each plume varied based not

7-5
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only on •"1*"tr'i'ir1* coocemratioD. but also btsed on the toxicological properties of d*

rfi*fi»>r«i« detected in die plumes, and on the pathway of exposure.

Residential exposures from groundwater usage and inhalation of indoor aiibone

i from groundwater vapon was evaluated for both plumes. The

. , •> B| * • -•- • B̂̂ MMMM f*S -* ' * ': paniway HKiuofU •njesnon of arummg wner.

.and inhalation of water vapon during showers. The inhalation of indoor

frnm inmmttm atrr vapor* were evaluated ha«td nn fa t^yfiB at mwH

vohritiring mo nearby unsaturaied soil gat. mBuaiing into

die entire home.

nsks from these exposures were greater in Plume 1. The excess fmvmr

jiiumilanrr usage is 9.00 x IO*3. The excess cancer risk

of indoor airborne rnmamiiiasn for te RME case was 1.71 x 10"*.

EPA mreshold vane range of 10"6 to UT*. The potennal for

nsks from residential exposures to contaninanis • Plume I was

B EPA I******* index dneihutd level of 1 for die gi mud water mane padiway (haznd

201). The potential cancer risks in Pmme I are due to exposure to carbon

dnumfaim. I.I-DCE. irkinoroemene. and vinyl chloride. The potential

nsfcs due to Piuiuc I îmiudwaiei usage is due sokrjr to faftwn

2 umiimiium resuta in potential excess cancer risks

vapon. The RME case risk via ihe pooohnser usage pathway b 1.45 x I<T3. The RME

caae risk vii ne indoor air W»«aik« prtway » 1 11 x 1(T5

The hmard index for nas Pmme 2 gitwudwater usage pathway is 4.16. This indicates

The excess cancer risks for Plume 2 groundwater usage and indoor air inbnlntion

idnetobeaaene. carbon ictratatoiide. ctiorofofm. aod tricfaloroedKne The

: risks in Phnae 2 are due to carbon tetracWoride and acetone.

7-6

0294



Conrail RL'FS
RI Repon
Section 7
Rev. 0 March 31. 1994

7.6.2 Ecological Assessment

The ecological assessment examined existing and potential risks posed by site-derived

contaminants to nearby natural habitats and associated flora and fauna. The primary focus of

the risk assessment was on aquatic organisms in Baugo Bay, the St. Joseph River, and the

Conrail ponds.

Four special species of concern were identified within 2 miles of the Conrail Site.

Two were plant species whose latest sightings were in the 1930s and the 1940s. One mammal

(Taxidea taxus) has been sighted recently north of the St. Joseph River, which is an area that

is probably not affected by the site. The Cooper's Hawk (Acciptcr cooperif) has been recently

sighted near the site. However, the hawk prefers to nest in mature trees, will not hunt within

0.5 miles of the nest, and will travel up to 2 miles to hunt over open fields and along

woodland margins. Therefore, it is unlikely that site-related contaminants will effect the

Cooper's Hawk.

Surface water CPECs were chosen based on comparisons of surface water sample

analytical results with current ambient water quality criteria. Lead was chosen as a surface

water CPEC in the St. Joseph River, while lead and zinc are CPECs for the ponds. No

surface water CPECs were selected for Baugo Bay.

Organic CPECs in sediments were chosen based on comparisons of sediment sample

analytical results with sediment quality criteria. For those chemicals that did not have

published values, the criteria were calculated based on the equilibrium-partitioning approach

for non-polar organics. No organic CPECs were chosen for Baugo Bay or for the St. Joseph

River. The five CPECs chosen for the ponds are 4,4'-DDT, 4,4'-ODD, 4-methylphenol,

fluorene, and Aroclor 12S4.

Many inorganic contaminants were detected in Baugo Bay. the St. Joseph River, and

in the ponds. A statistical comparison of the inorganic results from the background locations

and the results from the downstream locations for Baugo Bay and the St. Joseph River

indicates that there was no significant difference between the concentrations of contaminants

in the two locations. Therefore, the contamination does not appear to be site-related. There

were no background ponds available for similar statistical comparisons for the pond data.

Therefore, CPECs chosen for the pond area are arsenic, cadmium, chromium, copper, lead,

manganese, mercury, nickel, and zinc.
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hazard indices (the ratio of die sample concenmrioo to the toxkiry

reference value) were gieatei than I for cadmhiin, coppei. lead, zinc, fluorene. and

I •• ihjilplriini Aneoic. chromium, manganrvi, mercury, okkd. DDT. DDD, and Arodor

1254 abo bad indices greater don I, bat the magnitudes of the indices were lover dian for

die previously stated CPBCs. The maximum concentrations of these CPECs were all iocned

ia die westcranost pond.

raer baanl index for lead is greater dno 1 wfafle the hazard index for

1. As in me sedinea CPECs discussed above, die highest concentrations of

PGCs were fovnd io dK weaemmoct pood.

fofttntial inks to beonvc orfanisms from CPECs ptucui in die pn<"P> are *ttr"ni to

i an OBtfaD of die tuMSty drainage system. This pond is less dun 1 acre, and

nJaUeWbitats are available for men die area. Non-bendik organisaB that use the

are at A lover risk djan bendjHc organtsnv. The senesfnal ecosystem in dK genenl vkJufty

of dJK sitt don not appfai to he •npaoed by site-fdated CPECs.
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